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On Isomeric Tratumutaiion, and the Views recently publuhed 
concerning the compound nature of Carbon, Silicon, and 
Nitrogen. By Geoeqb Wilbon, M.D., Lectorer on Che- 
mistry, Edinburgh. Gonununicated by the Aathor.* 

I propose, in the following Memoir, to o£Fer some observa- 
tions on the -views recently pablisbed by Dr Samuel Brown. 
Mr Knox, and Mr Kigg, eonceming the compoimd nature of 
silicon, nitrogen, and carbon. Before entering, however, at 
any length on the discussion of these, I would consider, very 
briefly, some points connected with the general question of 
the simplicity and nnity of matter. 

The great majority of chemists acknowledge the existence 
of some 55 ^mple or elementary substances. These are 
declared to be simple, not in virtue of any test of simplicity 
which the chemist has discovered and applied to them, bat 
solely because they resist the decomposing or modifying action 
of all the fences which are, or at least are known to be, at 
man's disposal. The chemist, as it were, begins with the 
globe itself, and breaks it down into some thousand organic 
and inorganic compounds ; these, in their turn, he resolves into 
some hondred less complex substances ; and the latter, last 
of all, into the 56 bodies which are called simple. Here his 
analysis, in the meanwhile, has ended ; all the forces which 
are at his command, for' the modification of matter, having 

. * This memoir contains nearly v^batim the substanoe of a leotnie 
deUvered on 6th May 1841. 
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been spent in rain on these refractory substances. The 
single and combined i^ncies of heat, light, electricity, mag- 
netism, mechanical pressure, and the like, have been directed 
in innumerable ways against them. Bat they have emerged 
&om every trial, except those we are soon to consider, vrith- 
ont betraying any sign of non-dmplicity, or unfolding, if they 
are componnd, the hidden secret o£ their true nature. 

On the negative evidence of this insusceptibility of decom- 
position, the re^ual imdecomposed bodies have been termed 
simple or elementaty : tbey are the visible elements out of 
which all things are made. It cannot be denied, however, 
that in the minds of many, the term " simple^' has passed for 
something more than the expression of " hitherto undecom- 
posed," and has been accepted as fully equivalent to essentially 
" indecomponible." But it would be doing injustice to the 
majority of chemists, to affirm that they have not employed 
the word "^mnenfa?^" in its restricted and negative mean- 
ing, and have been willing to acknowledge the possible com- 
positeness of all the so-called simple bodies- I refer to this 
the more particularly, that, in a curious volume recently pub- 
lished by Professor Low, exception has been taken to the maxim 
acknowledged among chemists, that a body should be con- 
sidered simple till it can be shewn to be compound, and the 
opposite opinion advocated, " that a body is to be regarded as 
compound, when we are not able to prove it to be nmple."* 
Mr Low is at great pains to shew, that the maxim he objects 
to "is onsonnd, and is arrived at, not ' by the just logic of 
Chemical Philosophy,' but by a chemical dogma which ought, 
long ere now, to have been banished from the scirace into 
which it has been iiitroduced."t Every chemist, however, 
will snule at this correction ; for the proposition that all bodies, 
which cannot be resolved into something less complex than 
themselves, shall be accepted as simple, is quite accurate, and 
of much practical value, when taken in the sense in which he 
uses it. The simplicity of the so-called elementary bodies, is 
not affirmed to be intrintic, essential, or ab$olute, but only to 
exist in relation to the decomposing or modifying forces which 

* An Inquiry into the Nature of the Simple Bodies of Cheouiti7, by 
David Low, F.R.S.E., itc. p. 9. 
t End. H>. 11, 12. 
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cbemistiy supplies. It remains competent to whomaoeTer 
chooses, to afBrm, on the grounds of analogy, probability, direct 
experiment, or whatever ebe may seem to warrant it, that 
any or all of them are not simple substances : all that the 
chemist contends for is, that, tested by their power to resist 
the weapons and agents be can direct against them, they pre- 
serve their simplicity. 

Professor Low would have the chemical elements included 
among componnd substances, because it violates the law of 
continuity in nature, to suppose some 55 bodies sfinple, 
whilst aU the rest are compound. This may or may not be 
true ; but it could do no service to term the elements com- 
pound, unless we were prepared immediately to follow up the 
statement, by shewing of what they are compounded. Such 
a proposition is consistent enough on Mr Low's part, since he 
offers a^Echeme of their composite constitution, founded on 
certain hypothetical views ; but it is not competent to the 
chemist. All the knowledge he possesses of the composition 
of bodies, has been obtained by decomposing, or combining 
them, or by transforming them without decomposition, into 
each other. According to the characters they have shewn, 
when thus treated, they have been named and classified in 
the order of their complexity, and so as to shew, within cer- 
t(un limits, the nature and number of their several compo- 
nents. But the elementary bodies being insusceptible of re- 
solution into substances more simple than themselves, cannot 
be affirmed to be compound in the sense the other bodies the 
chemist considers, are ; and it is not his office to discuss their 
complexity on other grounds than those afforded by their 
behaviour, when subjected to analytic, synthetic, or purely 
transformative forces. 

Whilst, therefore, I fully sympathise with the speculative 
^irit that has led Mr Low to propose a scheme of elemental 
constitution, and differ from most of my fellow chemists, in 
believing that some such scheme will hereafter be realized in 
our laboratories, I dissent from him in thinking that the 
chemist has erred, in demanding that every undecomposed 
body shall be considered simple. The term residual, or resi- 
duary, might indeed be better than simple, as indicating more 
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4 On Isomeric Transmutation, and the Nature of 

clearly undecompounded as diatinguished from indecomponible f 
but, after all, that, or any other novel phrase is uonecessary, 
for the explicit sense in which the term simple is applied by 
the chemist, leaves the question of the bona fide simpUtuty of 
the elementary bodies quite open to discussion. How fully it 
does 80, may best be gathered from the feet, that Sir H. Davy 
and Serzelius, two of the warmest advocates of the maxim I 
have been discussing, were the freest in speculating on the 
nature of the elementary bodies, and the foremost in endea- 
vouring to decompose them. 

Further, I would observe, before leaving the subject, that it 
IS not necessary, or, indeed, desirable, in the discussion of many 
chemical problems, that the possibiHty of the elementary 
bodies being simple should be considered. The study of most 
of the properties of the suite of oxides of a metal, or of a 
series of oi^anic compounds, would not be &cilitated, espe- 
cially to a beginner, by shaking his faith in the stability and 
unchangeability of their simplest components. The elemen- 
tary bodies stand in truth, in relation to all the more complex 
substances into whose composition they enter, like arithmeti- 
cal ciphers, possessing in regard to all numbers higher than 
their own a fixed value, unalterable by any discovery which 
may be made concerning the lower figures which make up 
them. Silicon may be a simple body, as many believe, or a 
modification of carbon, as Dr Brown supposes, or a compound 
of carbon, hydrogen, and oxygen, or of carbon and hydrogen, 
as Mr Xiow thinks probable. But whichever of these it be, if 
any, is as indifferent to the chemist, while Ascertaining the pro- 
portion in which it combines with oxygen to form silica, and 
a multitude of its other relations, as it was to tiie builder of an 
Egyptian pyramid, whether the bricks he made use of, so long 
as they possessed the proper shape and wei^t, and coherence, 
consist^ of clay alone, or of clay mixed with sand, or of clay 
and sand mingled with straw. 

We are free then to speculate to the uttermost on the na- 
ture of the elementary bodies ; and if we consider fi-om what 
direction we are likely to obtain the means of lessening their 
Qumber, we shall find that the hopes of chemists (j. e. of those 
who hope at all on the matter) are fixed at present on three 
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dHFerent qnarters, from say, or from all of vrliich, the power 
to effect the desired reduction may come. One method open 
to the chemist, is analysis ; another synthesis. The experiments 
I am about to notice illustrate the application of both ; for the 
game researches which seem to Dr Brown to establish synthe- 
tically the compound nature of silicon, appear to Mr Knox to 
demonstrate analytically the compound nature of nitrogen. 
The third method is not so easily defined ; it may be termed 
that of reduction, by mutual isomeric transmutation. 

The application of analysis to the reduction of the elemen- 
tary bodies is easily understood. Without any addition to the 
resources, in the way of agent and instrument, we at present 
possess, it may suffice to produce more remarkable deeompo> 
sitions than we have yet seen it effect. If Mr Rigg's and Mr 
Knox's experiments are confirmed, it certainly will. More- 

, over, we may anticipate the discovery of novel agents, or of 
new powers in those we are familiar with, as we have recently 
become aware of the presence of marvellous modifying forces 
in the sunbeam, and in light and heat from other sources, of 
the existence of which we had scarcely a suspicion ten years 
^o. ' We may farther expect greatly to improve om: instru- 
ments, and thereby to increase enormously our power over 
matter. Not to speak of what we should effect, could we re- 
alize certain improvements which theory indicates as possible 
in our voltaic batteries, the simple discovery of a substance 
which would resist the action of very high temperatures as 
effectually as pl&tina and fireclay do our ordinary furnace heats, 
would put in the chemist's hands a weapon for conquest of the 
highest value. Many of the bodies which appear at present, 
to use the quaint words of old Sir Thomas Browne, " to lie 
immortal in the arms of fire," might then be found susceptible 
of resolution into simpler forms of matter. The possibility of 
all this is so apparent, that it is needless to enlarge on it at 
greater length. Before passing from it, however, I would ob- 
serve, that the attempts of chemists to decompose the so-called 

' ^mple bodies, appear to me to have been hitherto too much 
directed against the naked elements themselves, and not upon 
them in a state of combination ; and, farther, to luive too' 
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much implied an expectation, that their decomposition was to 
be brought about, by some successful violent eflfort to tear w 
force asunder their constituents. Hence, the uselessly large 
battery which Davy employed when he eflfected the decompo- 
sition of the alkalis. But the more we team of molecular 
forces, the more we seem to become aware of the truth, that 
the simple reversal or neutralization of the affinities which 
bind the components of a body together, is all tiiat is necessary 
to efFect its decomposition ; and that this may be as fully 
secured by the invisible action of a sunbeam, or the inappre- 
ciable influence of an electric current, as by the most ^gantic 
galvanic battery, or a furnace heated seven times more than 
is wont. 

Meanwhile, it remains to be acknowledged, that analyas 
hitherto has done nothing to lessen the number of elementary 
bodies ; on the other hand, it has continually been adding to 
them. The ancients acknowledged but four, — air, earth, fire, 
and water ; a later school had their three, — salt, sulphur, and 
mercury ; and no class of chemists, down to the destruction of 
the Phlogiston School, acknowledged, so far as I am aware, as 
many as a dozen. Since the era of Lavoisier, we have been 
steadily increasing the list, till now we count 55, Sir H. Davy 
only altered the names of the elements with metallic bases, 
withont abridging the roll by one ; and since his death, several 
new bodies have been ranked among simple substances. The 
further result of analysis, whether with its present or with 
additional powers, may be of the same kind. The fifty-five 
elementary bodies may each be resolved into two, or three, 
or four, unlike, and for the time, indecomponible substances ; 
so that the list of elements shall be doubled, tripled, or qua- 
drupled. But though this may be the first efiect, analogy 
and probability conspire unequivocally to assure us, that it 
will not be the ultimate result of a victorious analysis of 
matter. As we find the prevailing elements of the countless 
organic bodies we examine, to be the constantly recnrring 
four, carbon, hydrogen, oxygen, and nitrogen ; and as Davy 
found a common element, oxygen, in all the earths, so we may 
expect, if the so-called elements are really oompound, to find 
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Qie saxne liodies present in many. We can Bnppoae all the 
metals proving to be compoonds in different proportions of 
but two : flnorine, chlorine, bromine, and iodine, in the same 
way rednced to two ; carbon, bwon, slicon, and the o^r 
gronps of simple bodies, in like manner diminished to two. 
In this way, or in some other, we may resolve all the ele- 
mentary bodies, as Mr Low thinks we shall, into the two 
lowest on the atomic scale, carbon and hydrogen ; or, descend- 
ing farther, identify them every one, as Mr Rigg thioka we 
shoald, with hydrogen ; or, in the lowest deep, finding a lower 
stil), pass beyond even hydrogen to the long dreamed of 
Tkn v(tmi, the materia prima, or material snbstratnm and 
esBence of all things. 

The application of synthesis to the reduction of the list of 
elementary bodies, is not so obvious as that of analysis, bttt 
may, on the whole, be made manifest enough. We can con- 
ceive the possibility of its being discovered, that two of the 
lower metals, snch as lead and copper, when fused together 
formed gold ; and that, nevertheless, the compound diould be 
of snch a nature, as to re^st the decomposing inflnence of 
every agent In snch a case, it would be possible to prove 
gold not to he a simple substance, by shewing our ability to 
compound it out of lead and copper, though we might for ever 
remain unable to establish the same point analytically, by re- 
solving it into these metals. Should such a synthetic demon- 
stration of the compound nature of one of the elements ever 
be obtained, it would prepare us for attacking the problem of 
their true nature, by endeavouring to compound them ottt of 
each other. There is nothing, however, in the present state 
of Chemistry to warrant the expectation of sach a discovery 
being made ; and it is not in this shape, but as one of the 
forms of the method of reduction by isomeric transmntation, 
that synthesis has been applied to the diminution of the list 
of elementary bodies. 

I torn now, therefore, to the consideration of Isomerism. 
For a long period after the publication of the Atomic Theory, 
it was universally believed that the same elements could com- 
lune in the same proportion to form only one compound, aad 
that difference in physical properties, such as hardness, solu- 
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Inlity, specific gravity, Ssc, was always occadoned by difference' 
at least in the proportion of ingredients, and in most cases by. 
difference also in their nature ; and this is still acknowledged as 
true in regard to the majority of sobstances; water, e.ff.is the 
only body containing oxygen and hydrogen, in the proportion, 
of eight parts by weight of the former to one of the latter ; com- 
mon salt is the only substance, with thirty-five parts of chlorine 
to twenty-three of sodium, and so with other compouids. But 
within the last few years many bodies hare been discovered 
containing the same elements, in the same proportion, and yet. 
difiering in every physical and chemical property. A striking 
example of this may be found in a group of organic substances 
particularly referred to by Liebig in his Familiar Letters : — 
" A great class of bodies," says he, " known as the volatile 
oils, oil of turpentine, essence of lemons, oil of balsam of co- 
paiba, oil of rosemary, of juniper, and many others, difiering 
widely from each other in their odour, their medicinal eflFecta, 
their boiling points, their specific gravity, &c. are exactly 
identical in composition ; they contain carbon and hydrogen 
in the same proportions ;"* viz. five atoms of carbon to four 
of hydrogen. Bodies which possess this peculiarity are termed, 
in relation to each other, Isomeric (from imt, equal, and fupt, 
part), which may be Englished eqmproportional, and marks 
their possession of an equal proportion of the same elements. 
The imexpected discovery of this curious law, while it has 
shewn chemists that the greatest dissimilarity in the proper- 
ties possessed by bodies may accompany the most perfect coin- 
ddence in proportional composition, has, at the same time, 
directly led to the conclusion, that the elementary bodies may 
form a group, or a series of ^oups, related to each other iso> 
merically, or equiproportionally, as the volatile oils referred 
to, are. Who first detected the applicability of the law of Iso- 
merism to the possible solution of the problem of the true 
nature of the chemical elements, I do not know ; nor do I 
profess to offer any historical sketch of the progress of specu- 
lation on this subject, t need only mention, that three of our 
living chemists have published views on the possible Isomerism 

- * FamiUat Letters on Chemistr?, b7 Justus Liebig, pp. if, 49- . 
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ef the elementary bodies, — FrofsBSor Johngton* in 1887 ; Sr 
Samuel Brovn.f and Professor Kane in 18414 

Dr Brown's theory, which I oonuder first, as it is a sch^ne 
ef tnuiamntation hy synthens, is founded opon the ezisteooe 
ef a dass of isomerio bodies, in which, while the eqnipropor- 
ticKi^ty of idmtioal elements oocnn, the nnmber of atoms 
oombining to prodnoe tliis, is different in each member of the 
pt>*ip> Thus, there exists a serieB of compounds of oarbon 
and hydrog^i, oontaining these bodies in the proportion of 
atom to atom. This is satisfied in the lowest, which is 
tenned methj/lene, by 2 atoms of carbon to 2 of hydrogen ; 
m the next olefiant goa, by 4 to 4 ; in the third eU gat, by 
8 to 8, and in a fourth cetene, by 32 to 32. The roUtfle oils 
iderred to previonaly, form bo far at least* a nmilar series ; 
in them the elements are also carbon and hydrogen, in the 
proportion of five atoms of the former to four of the latter. In 
oil of citron this is doubled, or we hare €„, H« ; in oil of onbebs 
tri[ded, or C^ H„ ,- in turpentine quadrupled, or G^ H,r 

Groups of isomerio bodies of this kind are snpposed by Dr 
Brown to be formed by succeafiive duplications or doublings. 
The lowest member of the series, by combiniog with itself, 
produces a first multiple ; this, by uniting with itself a se- 
cond ; that, by combining with itself a third ; and so on ad 
tHJinitum. It is not essential, however, to the tnith of this 
Tiew, that a full series of duplicate multiples should be shewn 
to eoist, provided no body is found to manifest an unequivo- 
cal departure from the mle : the gaps which oeour in the 
known series may be filled up by fiiture discoveries. Dr 
Brown thinks he has established the tmth of his view by ex- 
periment, in regard to the isomeric compounds of carbon and 
nitrogen, cyanogen and paraoyanogen ; the latter of which he 
behevea to be produced by the former combining with itself. 
In like manner he represents the 55 so-called simple snb- 
stwces as a group, or a series of gconps, of isomeric bodies, 
produced by the element of lowest atomic wei^t (which may 

* Seport of the Seventh Meeting of the British AsBociation, pp. 16^ 
215. 

t Trui«actj.oiis of the Rof&l Society of Edinburgh, vol. xv. pp. 165- 
XlSt hdA j!39-246. 

t Elements of Chemistry, p. 377- , . 
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be the lowest at present known to ns hydrogen, or a lower and 
more truly elemental body), forming succesBiTQ combinatiooB 
in the way already mentioned, soas to reac4) from, or through 
hydrogen^ which we oall 1, up to gold which is 199 times 
higher. To prevent any mistake, I quote Dr Brown's own 
words:* — " This view erf isomerism, and tiie relation of 
cyMiogen' to paracyanogen, ia farther recommended by the 
oonfiideration, that it affords a practical foundation for a likely 
hypothesis of the constitution of the so-called chemical ele- 
ments, «nd points out the way in which- such a hypothesis 
may be either established or overthrown by experimental ob- 
servation. Let it be supposed that several of the elemental 
groups are so many series of isomerio forms, and it is at ones 
to be inferred, that heat) electrolysis, and reagents, shall all 
be incapable of decomporang them, as has been found ia* the 
aotnal practice of the laboratories of modem Europe, by in- 
amnerable trials. I^ to take (me instance, sulphur (16 or 2) 
be an isomeric form of oxygen (8 or 1), whi<^ it as much re- 
sembles in chemical properties, as it is conformably contrasted 
with it ID mechanici^ condition, it must be impossible to ex- 
tract (aygen from it by any analytical force which has yet 
been diaoovered ; and the only method in which it shall be 
possible to prove that such ia the mntnal relation of these 
two elements, shall be to have recourse to synthesis, and 
eonvwt oxygen into sulphur. It is within the scope of tlua 
hypothecs that the various elements may be all isomeric forms 
of one truly elonentary substance.'" 

Dr Brown's sdieme of elements reduction may be termed 
one by isomeric synthetic transmutation. Yon will observe, 
that he supposes transmutation to take place only by syn- 
thesis, and in one direction ; so that on element possesdng 
a certain atomic weight, may form, by uniting with itself, 
another possessing a higher combining proportion ; but the 
reverse cannot occur. Oxygen, which is eight, may double 
itself into sulphur, which ia sixteen ; but solphar cannot halve 
itself into oxygen ; carbon may quadrnple itself into silicon, 
but raUcon cannot quarter itself into carbon. All the other 



* TraQB. Rojol Socie^, vol. xv. p. 176. 
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slementa may be touumnted into gM, whioh htm the highest 
at(»nio weight ; for, in this reepeot, Dr Brown's news are 
strictly in aooordaoce with those of the Blohymists ; bat gfAi 
tau be^duuiged into none of them, and, if it snfier tranama- 
tation, mnst pass into some unknown new body pomesstng a 
higher oombinitig proportion. I shall return immediately to 
the oonaderation of those experiments by which Dr Brown 
thought he had proved the troth of his view, so far as carbon 
and siHoon were eonoemed. Meanwhile, I proceed, very briefly, 
to exi^ain in what respeet Professors Johnston's and Kane's 
seh^nes (^ elemental isomerisn difier from that we have been 
disoassing. 

Mr Johnsttm's views are fbonded on the existence of a class 
<^ isomeric bo^«s not taken into connderation in Dr down's 
specolatioDS. Themembersof certain isomeric groups possess 
not only the same proportion of elements, bat likewise the 
same atomic wei^t. They are not multiples or sabmultiples 
of each other, like those already considered, but owe their 
difference in properties to the relative grouping of their 
molecules otherwise than by midtipUcation, or nmple super^ 
addition of the atoms on each other. We have a group of 
three such bodies in cyannric add, hydrated cyanic acid, and 
cyamelide, compounds of carbon, oxygen, and nitrogen. We 
have another in aldehyde, metaldehyde, and eltaldehyde ; and 
a well-known pair in urea and cysnate of ammonia.* These 
isomerics posses the character of mutual convertibility: thus, in 
a gronpofthree, whichwemayterm A, B, C ; A.is convertible 
into B and C ; B into A and G ; C into A and B ; and this without 
addition or subtraction of any of their constituent elements. 
Guided by these facts, Professor Johnston observes, that " the 
speculations of chemists in regard to the probable diminution 
of the number of received elementary bodies, have hitherto 
ran only in the channel of decomposition, • * * • The 
idea of a possible trantformatim has hitherto hardly been 
thought of ; and yet tiie doctrine of isomerism, rich already in 
its nunerons discoveries, has shewn that any number of the 
received elementary bodies may be made up of the same ele- 

• Uebig't FkmUiBt Letteri, pp. 49, 50. 

D,g,t,.,.d.i.COOC^IC 



12 On Isomeric Transmutation, and the Nature of 

ments united in the same proportion."* After some incidentikl 
remarks, he continaes, " It may be, however, that the patient 
study and pursuit of the kindred classes of phenomeDa we have 
been considering, shall, in some brighter moment, shew that 
substances considered elementary are yet vmiualli/ convertible 
without decomposition ;" and, again, " It may be, indeed, that 
all our tvppoted elementary bodies are in realit}/ such, and 
tiLerefore wholly beyond the resolving energy of electricity, 
or any other agent ; and yet the study of their changes and 
reactions in the laboratory, in conformity, perhaps, with new 
views or modes of investigation, may, at some future period, 
so enlarge our dominion over the molecules, as shall cauSQ 
them, at our bidding, to assume this or that arrangement — to 
i^pear with the properties of chlorine or iodine, of cobalt or 
nickel, of rhodium, iridium, or osmium."t Professor John- 
ston's view, it will be observed, is a wider one than Dr 
Brown's, inasmuch as it acknowledges a possible mutual con- 
vertibility of the elementary bodies ; and, therefore, implies 
that transmutation may proceed in both directions of the. 
atomic scale. Sulphm- may become oxygen, as readily as oxygen 
sulphur ; silicon carbon, as readily as carbon silicon ; gold 
hydrogen, as hydrogen gold. Any one element, in short, may 
become any other, whatever be their atomic wei^ts. This 
scheme might be termed, in opposition to Dr Brown's, a 
method of elemental reductiou by mutual isomeric transmu- 
tation. 

Professor Kane's views arc too slightly sketched, in his 
work on Chemistry, to enable us to jndge exactly in wliat way 
he expects the elements to prove isomeric, and they were 
cert^ly formed with a knowledge of what Professor John- 
ston had written on the subject. But he has indicated, in a 
way neither of the other chemists referred to have done, some, 
remarkable relations between the atomic weights of certain 
of the metals, which would strikingly accord with either of 
their theories of elemental isomerism. 

I do not offer any opinion as to the relative probabflity of 
Dr Brown's and Professor Johnston's views ; but it is impos- 

* Report of British ABBociation, vol, vi. p. 211. t Ibid. p. 212. 
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able to help willing that the Uttter oh«iiut'a scheme of 
Elemental Isomerism ahould prove the traer <A the two. For 
I^ Brown sapplies ob with but a one>edged weapon for oon- 
qoering nature, while Professor Johnston puts in oar hands a 
two-edged sword, smiting both ways, and increasijig twofold 
(Mir power over matter. 

Meanwhile, Dr Brown is the only ohemist who has had 
fiuth and ocmrage enoogh to teat the reality of Elemental 
Isomerism, by oideaTonring to traosmnte one of the element* 
into another. This, he betieres, he has sooceeded in doing 
m the case of cubon and silioon. His experiments have been 
made upon certain compounds of the former body with nitro-, 
gen, which he subjected to various modifying processes; one 
general principle, however, runs through them all, which may 
be explained in a few words. By a special process, instituted 
for the purpose, <» as a juroduot of a general process for 
tnusmatatMHi, he obtained paracyanogen, a body consisting 
of carbon and nitrogen, in the proportion of twelve parts of the 
former to fourteen (by weight) of the latter ; or of two atoms 
of carbon to one of nitrogen. The atomic weight and exact 
constitution of this body are unknown, but Dr Brown, as we 
have already seen, supposes it to be a duplication of cyanogen, 
and, therefore, to contain four atoms of carbon to two of ni< 
trogen. When this body ts treated in various ways, of which the 
umplest, and the only one we need consider, is tiiat of heat- 
ing it out of oontaot with air, alone, or in contact with sub- 
stances (such as platina or carbcmate of potass) having a 
stnmg attraction lor silicon, its two atoms of nitrogen, 
accco^ng to Dr Brown, pass away unchanged, and its fonv 
atoms of carbon combine togetiier, and form silicon. To some, 
perhaps, the view intended, and its relation to the isomerism 
of confessedly compound bodies, will be dearer, if they suppose 
for the moment that carbon is a compound of two elements, 
which are united in it in certain proportions, and in the samQ 
ratio, but in a multiple four times higher in silicon. 
. The greater number of chemists refused to acknowledge 
that alicon was, or could be. produced from paracyanogen ; 
and, joining issue with Dr Brown on this point, offered 
no opinion on his theory of the origin of the silicon which 
appeared in his experiments. There was one chemist, how- 
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ever, Mr G. J. Knoz, wlio not only accepted Dr BrowB*9 
statements as true, bo far, at least, as the appflarance of sili- 
con was concerned, bat advocated the probability of such an 
occnrrence ; (m grounds, however, quite oppMed to those Ds 
Brown himself boilt upon. Mr Knox's views are unfiirta- 
nately not known to us fully, although it is more than a year 
since they were laid before the Rojal Irish Academy. Owing 
to a- pecidiarity in the mode of pubHshiog its transacticms fbl- - 
lowed by that Sodety, -the paper has not yet been printed ; 
and the only shape in which its cmtents have reached us is 
that c^ an imperfect and insofBcient abstract la one of oar- 
own journals.* Mr Knox conceives that the nitrogen of the- 
paracyanogen, and not its carbon, is the source of the nlicon- 
whieh appeared in Dr Brown^s experiments. His own words 
are the following : after referring to certain experiments of Sii* 
H. Davy, which seem to him to warrant the belief that mtrogen 
is a c(Mnpoand body, be says, " The latest experiments which 
bear upon this subject, and from which I received the idea 
which led me to this investigation, are those o( Dr Brown, 
' upon the Conversion of Garbou into Silicon,' — an expliwation 
of phenomena which appears to me most onreasonable, and con- 
. trary to all chemical analogy : while the supposition of the car*- 
inm having reduced the nitrogen, is not only a simple, but an- 
nnavoidable concluuon to arrive at, if nitrogen be a compound 
enbstance. To determine, by experiment, the correotness or 
inccorectness of this idea, it were only necessary to reduce 
nitrogen by some other substance than charcoal ; and should 
silieon result from its decomposition, the problem might be 
considered to be solved." | 

Mr Knox then describes several experiments made with a 
(X)mpoand of hydrogen, nitrogen, and potassium, heated in 
different ways with iron, in two of which silicon appeared, 
although no carbon was present. The compound Mr Knox 
employed, he terms the " ammonia-nitniret of potassium," 
by which I understand him to signify the amidide of potassium 
(KNH*) of other autbora. He rejects one of the two experi- 
ments where silica appeared, as incmidusive as to its anoma- 



* Cfaemical Gbiett«, September 1843. 
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loos production; and draws from the whole the following 
conclusion: "From these experimenti, together with those 
of Sir H. Davy mentioned abore, one might infer that nitxo- 
gen is eitiier a compound of ^Hcon and hydrogen, ac of sili- 
con, hydrc^n, and oxygen ; to detennine wbidi ayndietically, 
a current;of dry muriatic acid was passed over silioiuret oS 
potassium," aoA the resultii^ gases examinedi These were 
found to contain aTariable but marked proportion of nitro- 
gen ; so that, so far as can he judged from the imperfect ac- 
count we possess, Mr Knox seems to consider, nitrogen acom- 
peiind of silicon and hydrogen, and to believe that he fon&ed 
it by the action of muriatic acid on siliciuret of potassium. 
He does not suppose, however, as soma have imagined, that 
tiie nitrogen is tratmauted into silicon ; he believes that the 
former yields, hut not that it fortat the latter, in the way 
Dr Brown supposes that carbon forms silicoo. Siliceo,' ac- 
cording to Mr Knox, pre-exists in nitrc^n, along with hydro- 
gen, CH- with hydrogen and oxygen, by combination with 
which it makes ap the nitrogen. He siqiposes, accordingly, 
that,- in I>r Brown's experiments, the nitrogen was the 
source of the silicon, and that the carbon was useful only 
by combioiiig with and removing the non-siliceous element 
or elements of the nitrogen, and setting the silicon free; 
and he endeavours to establi^ this by shewing, that if t^e 
other conditions of Dr Brown^s experiments were retained, 
but the carbon replaced by a metal such as potassumi (or 
rather by potassiam and iron), the production of silicon went 
on as well as if carbon had been there. His view, there- 
- fore, has the advantage of explaining Dr Brown's resulbi as 
well as his own ; whereas that gentleman's theory affords no 
explanation of Mr Knox'sexperiments.* The latter.moreover. 



* In BO fkr as Dr Brown refers the tilicoii which appeared m hie expe- 
rintentf to aabOD, hie exphmatioii will, of cotme, not appl; to re- 
•enrchei like those of Mr Enox, where silicon was fonnd, though no 
carbon was present. He maj fall back, howerer, on hia general hypo- 
thesis, that tiie higher elements ore isomeric forms of the lowest, and 
afStm Uiat the hydrogen of the ommODia-nitruret of potassium was tnuis- 
mated, mediately through carbon, or immediately into silicon. When 
the text was written, I waa not awam that Dr Brown bad explained 
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professes not only to have decomposed nitrogeo into silicon 
and hydrogen, but to have combined silicon and hydrogen into 
nitrogen ; so that he offers both synthetic and analytic proof 
of the tmth of his views. It is impossible, however, to judge 
of the value of Mr Knox's experiments, till we see them re- 
ported in fall ; and there is a hesitation in his view of the 
constitution of nitrogen, as to whether it contains oxygen or 
not, which might, and should have been removed by prolonged 
experiments, before he published on the qnestion at all. 
Moreover, he determines nothing as to the quantitative con- 
stitution of nitrogen, which should surely have been the chief 
object of iavestigatipn, as soon as he saw reason to believe 
that nitrogen was not a simple body. 

Aa to the relative probability of the rival theories of the 
origin <^ the silicon, which appeared when paraoyanogen was 
subjected to Dr Brown's processes, it is impossible at present 
to give a decision. I have repeated none of Mr Knox's expe- 
riments, and it would be presumptuous in me to criticise his 
results ; but I devoted the greater part of last winter, along 
with my friend Mr John Crombie Brown, to the repetition of 
Dr S. Brown's processes for the transmutation of carbon into 
siUcott, and I am free to offer an opinion on their value. Those 
who wish to know in detail the results my colleague and my- 
self arrived at, will find them in the fifteenth volume of the 
Transactions of the Boyal Society of Edinburgh.* Our gene- 
ral conclusions may be stated in a word. 

We were able to confirm Dr Brown's phenomenal results 
thus far, that we obtained sihoon in several of our experiments, 
in circumstances ^ich seemed, to myself at least, to preclude 
the possibility of its being derived as an impurity or accidental 
ingredient,' from the vessels or materials, or reagents made use 
of. The quantity was always much less, than by Dr Brown''s 
hypothesiB it should have been, and much less than be him- 
eelf procured ; in many experiments, moreover, no silicon was 
obtained at all. So far, however, as this scanty and precarious 

Mr Knox's remits in tbis way. TTia bypothesu affords no espluiatton 
of the latter gentleman's sjnthetia experiments oq the formation of ni- 
trogen from silicon and hjdiogen. 

* Pp. 547-669. 
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appeaianee or prodaction of silicon is conoerned, we oan authen- 
ticate Dr Brown's resnlts, but no further. Some miaappre- 
hensioD, I bolieve, exists on this subject, and I am anxious it 
diould continue no lon^r. I took the most public opportunity 
&&t was open to me last autumn,* of declaring my confident 
expectation, that a repetition c^ Dr Brown's processes would 
establish the truth of his theory ; and I owe it to myself, still 
more to those I induced by my representations to advocate his 
cause, but above all to the interests of scieuoe, which must be 
hindered in its progress by the confusion of doubtful with cer- 
tfun knowledge, to take as public an opportunity of saying, that 
Dr Brown's processes have not, in my hands, yidded pnxtf 
of the tranranutability of carbon into silicon. I have farther 
come to the conoloaioo, that they are too imperfect to establish 
the truth of that proposition in the hands of any one ; Mid that 
there exiBts at present no evidence, in the way of demonstra- 
tion by experiment, to satisfy a chemist, that carbon or any 
other element has ever suffered transmutation. 

A peculiar difficulty attends the reception of the proposition, 
that carbon is tranemntaUe into silicon ; a difficulty which to 
many chemists seems insurmountable, and which haa not been 
provided for by Dr Srown in any of his papers, although he 
was aware of its existence. It results from the irreconcilar 
bility of the atomic weights of carbon and eilioon, the former 
of which is 6, the latter 22-22. According to Dr Brown, an 
atom of silicon consists of 4 atoms of carbon ; but four times 
MX is 24, not 22-22. I^ therefore, transmutation by isomeric 
synthesis of carbon into silicon occur, it must, according to this 
view, be accompanied by a destruction of matter equal to the 
dtfiferenoe between 24 and 22-22 ; or, for every 24 parts by 
weight of carbon subjected to transmutation, only 22-22 of 
Hlicon would be obttuned. I did not allow this difficulty to 
stand in the way of my repetition of the silicon experiments, 
as I saw a way of overcoming it. I shall mention what this 
was, without entering into any detaiU in the way of vindication 

* In a letter to the Lord Provoat of Edinbor^ on Dc Brown'* cUims 
to the Chait of Chemiatrj, which wm printed and widely ciroulated, but 
not pabliahed. 

TOL. ZXXTII. KO, tXXIII. — JVI.T 1644. % . , 
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of its truth or probability. Let tho received atomic weight of- 
ulicon, 22-22, be dimiiiished by removal of the decimals, and 
made the round nomber 22. Such an alteration will, not im- 
probably, be made by chenUBts, apart from all consideration of 
the qaestion of transmutation. Then divide the received atom 
cS carbon, 6, by 3, a liberty which would be conceded by many 
of my brethren, and it becomes 2 ; of which silicon is a mnltii^ 
by the whole number 11. 11 atoms of carbon might, by syn- 
thetic transmutation, become 1 atom = 22 silicon, without any 
difficoity in the way of atomic weights.* 

From all that I have said, it will be manifest that no light 
task awaits those who propose to labour in the cause of trang- 
mutation. In the particular case of silicon, the question 
between Mr Knox and Dr Brown is one which can be settled 
only in the laboratory. It is possible that both of these gen- 
tlemen are right in their views. Nitrogen may be a compound 
of silicon and hydrc^en, and silicon neverthdees, a compound 



* I need scarcel j say, that bucIi a speculation possesses at present not 
the slightest valoe, and was pnrsaed only at a time when I belieTed that 
there was fall demon atration b; experiment of the transmutabili^ of 
carbon into nUcon. 

The recent lesearchea of Dnmas, Erdmann, and other continental che* 
Kuts, have ibewn, that the atomic weights of several of the elementaiy 
bodies (carbon, nitrogen, calcium, barium, Btrontatim) aie multiples, in 
whole numbers of that of hjdrogen ; and manj, both in thia conntiy and 
abroad, encoui^;e the expectation, that the eqaivalents of all the ele- 
ments will prove, according to Dr Front's hypothesis, multiples of hydri}- 
gen in the same way. I was willing to hope, that the atom of silicon at 
least, wMch, owing to the difficulty of procuring Uiat substance, has been 
fixed on the evidence of comparativelylfew experiments, might prove to 
be a multiple of that of hydrogen by 22. This is a point to be decided 
solely by experiment 

As forthe division of the equivalent of carbon by 3, it is acknowledged 
on all hands, that the received atomic weights may be multiples, or sub- 
moltiples of the tme ones. Thus, it is matter of dispute among chemists 
what are the true equivalents of copper, mercury, arsenio, phospbonui, 
antimony, and several others ; and any alteration is hypo thetieally justi- 
fiable which does not contradict the law of multiple combination, and for 
which a sufficient neoesd^ can be shewn. The justifying neoescdlT' in 
this case would have been the tranemntation of carbou into silicon, and 
the acknowledgment of the atomic weight of the latter as 22, 
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or fona of carbon. To do the eabject jnstioe, would require 
a oarefid repetition of all Dr Brown's and all Mr Knox's 
experiments, besides a lengthened series of independent re- 
aearehes, which would occupy at least six montha of unremit- 
ting labour. The fact of an auomaloDB produotton of silicon 
is not beyond dispute ; and till it is, the practical chemist 
cannot be expected even to consider the question of trans- 
mutation. Should the anomalous production of silicon, how- 
ever, be fully confirmed, I think thwe are few who will not 
agree with me in wishing, that, whatever be the &te of Mr 
Knox's explanation, Dr Brown's theory should prove tme. It 
seems absurd to wish that a law of nature should prove one 
thing rather than another; as if the law, when discovered, 
could be other than of God's making, and the best that can 
be. Bnt what I mean is this : — Mr Knox's view, whilst it 
outs off nitrogen from the list of simple bodies, reveals no 
genn'al principle applicable to the reduction of the number of 
remaining elements. But if, with Dr Brown, we could effect 
the transmutation of one of these, sooner or later we should 
assuredly succeed in effeoting the transmutation of all. If we 
can find a key, that will unlock in this way the intricacies of 
one group of elementary bodies, we may fiilly believe that the 
same instrument, or one fashioned Uke it, will open for us the 
mysteries of the rest. 

In conclnsion, it will be gathered from the brief and imper- 
fect sketch I have offered, that the doctrine of Elemental 
Isomerism, and the transmntability of the elements, exists at 
present only as an unrealized idea, little, if at all, further od- 
vanoed than it was in 1837, when first e^licitly announced 
by Professor Johnston. 

We are flung back, therefore, on the general analogies and 
probabilities that warrant the entertiunment of such a doc- 
trine ; but these, I think, are neither slight in force nor scanty 
in number. All chemistry seems to me to point steadily and 
increasingly to the necessity of assuming, and, if pos«ble, real- 
izing such a law ; and many of my brethren, I am certain, 
would agree with me in this. The scepticism bo generally 
expressed as to the truth of Dr Brown's views, was directed 
rather against the processes and experiments by which he 
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professed to establish Mb dootrme, than against the cloctna» 
itself ; and so far as this implied a resolution to accept nothing 
but the most rigidly qutuititative experiments, in proof of so 
revolutionaiy a proposition as that of transmutation, it was 
quite justifiable. The instrument par excellence of ohemiatry 
is the Balance ; and every chemist must expect to have his 
discoveries literally and metaphorically weighed in it, and re- 
jected if fonnd wanting. The Familiar Letters of Liehig, 
e.g., show that, although he unhesitatingly and too summarily 
flondemns Dr Brown's experiments, he willingly speculates on 
the light which Isomerism may throw on the true constitu- 
tion of the elements. 

And if chemistry is in favour of the doctrins we are con- 
sidering, the other physical sciences justify it also. The 
geologist acknowledges the existence of many [^entKnena, 
in the relative distribution of the materials forming the earth's 
erust, which seem inexplicable by our present chemistry. 
The naturalist affirms that the whole subject of fossil zoology 
is plunged in mystery ; and anxiously demands if the ap- 
pearance of substances in fossils, whiuh no one can trace 
to ordinary sources, does not depend upon a transmutation 
of some of the pre-existing ingredients of these bodies.* 
The agriculturist is frequently perplexed, in his endeavours 
to trace the constituents of the plants he cultivates to the 
soil they have grown upon. The difficulty is generally got 
over by the accusation of imperfect analysis ; but some have 
courage enough to refuse this argumentum ad ignaviam aut 
isnorantiam, and one, Mr Kigg, who has been studying 
the subject for years, declares that his observations have 
led him to the conclusion, " that of the elements, carbon, 
hydrogen, oxygen, nitrogen, sodium, potassium, calcium, &c., 
whioh constitute the organic and inorganic pariis of plants, 
hydrogen is the only ultimate element, the rest being all com- 



* I refer particuloilj to a diBCUBBion which took place last winter in 
the Zoological Society of London, aa to the Boutce of the fluoride of 
calcium which appears in fossil bones. Utetarj Gazette, 2d December 
1S43, p. 773. The subject wbb afterwards te&ired to hj Mr E. SoUy, 
in a lectiin at tlie Royal loititation. 
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ponad bodies ; and to question the compound oatore of hy- 
drogen,"* 

Eaoouraged by these things, I, for one, will, m futh and 
patience, abide the iBsae, ready and willing, should I again 
see as much encouragement as I did last antamn, to apend 
another winter, or many winters, in endeavouring to bring 
abont a consummation so devoutly to be wished, as the mani- 
festation of the essential simplicity and unity of matter. 



On the Volume of the Niagara River, aa deduced from Meature- 
meatt made in 1841. By Mr E. R. BlaokwBLL ; and call 
cnlated by Z. Allen. 

Very little attention appears to have been lutherto bestowed 
on the investigation of the comparative volumes of water dis- 
charged by the great rivers of the globe. The relative amount 
of the evaporation and drain^e from the soils of different 
conntries, in proportion to the quantity of rain that falls upon 
each, as denoted by rain<ganges, ia also another interesting 
subject connected with the preceding one j for by measuring 
tiie quantity of water discharged from a region of country 
by the streams that drain it, and by deducting this quantity 
from the whole amount that ftdls upon it, as indicated by rain- 
gauges, the relative amount of evaporation may be ascertained. 
The investigation of these facts forms the basis of a branch of 
the science of hydrography, and leads to many useful as well 
as curious and interesting inquiries. 

Whilst passing a few days at the Falls of Niagara, in the 
summer of 1841, it occurred to me to make the necessary ad- 
measurements for ascertaining the quantity of water precipi- 
tated by the grand cataract, and drained from the vast area 
of country bordering on the great lakes of North America. 
This subject has long remained a mere matter of conjecture, 
although unusual facilities are offered for making the ad- 
measurement of the volume of this majestic river, from the 

* £]q«Timental BeBoarcbeB, &c., Bhewing Carbon to be a compound 
body made by Plants. By Robert Wgg, F.R,S. p. 364^ 
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circumstance of its issuing £rom Lake Erie, in an average 
ecLoallsed current throughout the Tarious seasons of the year, 
unaffected by tlie droughts of summer and the fioods of win- 
ter. In order to ascertain the average Tolume of water dis- 
charged hy most other rivers of the earth, it hecomes neces- 
sary to multiply a great number of observations daring the 
several seasons of the year. Bnt^the flow of ^e Niagara 
River remains always nearly the same, varying only from the 
action of winds on the surface of Lake Erie, and from a pe- 
riodical succession of several rainy or dry years in the broad 
re^onb oi the upper lakes.* 

The results of the admeasurements of the volume of water 



* It appean from the beet information 1 was enabled to obtain, tbat a 
atrong breeze or gale on Lake Erie, in the direction of the outlet of this 
lake, will cause the waten to become heaped up at that end, bo as to pro- 
duce a riae of the leTel of about two feet, and a corresponding riae of 
the Niagara Birer. A subsidence of the level of the 8urfiM» to an equal 
extent occurs, whenever a gale takes placed in an opposite direction, 
making a total variation of about four feet in the rise and fall of the 
level of the river, &om the simple action of the wind on the surface of 
the lake. These changes of level have sometimeB taken place in the 
course ofa few hours. A nearlj' equal, hut more gradual change of level 
is produced, as before stated, by the olteruatiouB of a period of several 
nunj jeara followed bj a period of successive jeats of comparative 
drought. The descent of the waters of Kiagata lUver, from the outlet 
of Lake Erie, ia at first so considerable, oa to cause the flow of the cur- 
rent to become accelerated to a velocit; of about eight miles per hour. 
Bj means of an embankment, constructed parallel with the shore, along 
the margin of the river, the level of the surface of Lake Erie is main- 
fauned or upheld, through a distance of several miles, above the level of 
the descending stream. This embankment aerres to form a portion of 
the Erie Canal, and also t« convey a supply of water to several large 
flour-mills at Black Rock ; thus aSbrding an efficient foil of about five 
feet. 

From the general levelneaa of the low banks of the river between 
Black Rook and Lewiston, it appears probable that water-power, to any 
extent that ever will be required, may be obtained by diverting tbs 
water of the Niagara Biver over the table land .adjacent to its bed ; and 
that mills might there be erected sufficient to grind all the wheat pro- 
duced on the broad regions of country whoae tributary waters swell 
the great lakes, and the magara afTording unrivalled fiicilitiei for ttani- 
porting the wheat to these mills. . 
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of Niagara River, are now submitted, with the hope that they 
may Aimish facts in this branch of the science of hydrography 
which will be used as data by scientific men for various cal- 
enlations ; and with the hope, also> that others may be in- 
duced to commence a system of similar admeasurements of 
the oUier great rivers of the earth, such as the Mississippi, 
Ganges, &c., which may form a basis of comparison of their 
relative magnitudes. 

I have also subjoined some calculations, from which it will 
i^prar that the motive-power of the cataract of Niagara ex- 
ceeds, by nearly fortyfold, all the mechanical force of water 
and steam power rendered available, in Great Britain, for the 
purpose of imparting motion to the machinery that suffices 
to perform the manufacturing labours for a large portion of 
the inhabitants of the world, including also the power applied 
for transporting these products by steam-boats and steam-cars, 
and their steam-ships of war, to the remotest seas. Indeed it 
appears probable, that the law of gravity, as established by the 
Creator, puts forth in this single waterfall more intense and 
effective energy, than is necessary to move all the artificial 
machinery of the habitable globe. 

In order that confidence may be placed in the estimates 
now presented, it may be proper to subjoin a statement c^ 
the modes in vhich the admeasurements were made, and Uie 
calculations based upon them were accomplished. 

After having personally, and with much labour, rounded 
the fearfully rapid current of the Niagara river above the Falls, 
at Black Rock, where the bottom or bed appears to be nearly 
level from one side to the other, and the depth about thirty- 
two feet ; and having repeated a course of similar admeasure- 
ments below tli« falls at Queenston, where the current is 
more placid, and the depth in the deepest place about one 
hundred and sixty feet ; and after having lost an anchor in 
the course of these experiments, I finally found it necessary 
to have recourse to the aid of an engineer, in order to perfect 
all the admeasurements, which my limited time would not al- 
low me to complete. For this purpose the services of Mr E. 
B. Blackwell, of Black Rock, a most skilful and accurate 
engineer, were engaged by me. Hts residence at that time 
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in tiie immediate vidiiity of Black Rock, enabled htm, 
with hia zeal for the accomplishment of Ais object, te 
devote much time to completing an exact survey. B/ 
reference to Mr Blackwall'a elegant map of a section of 
Niagara River opposite Black Rock, it will be observed that 
thirty-eight soundings were taken in three distinct ranges or 
lines across the channel of the river, each of the ranges being 
at the distance of six hundred and sixty feet apart* After 
thna obtuning three cross sections of the volume of tlie cur- 
rent, whereby its area or dimensions were ascertained, tha 
velocity of the surface was then found in ten different places 
between these three lines, by noting the time in which float- 
ing bodies set adrift in different parts of the width of the 
river, were borne down fi-om one sectional line below it. All 
these admeasurements were made with every attention to 
accuracy. 

Hiiviag thus found by experiment the velocity of the snr&ce 
of the stream, the average or mean velocity of the bottom and 
middle, as well as of the smface, was ascertained by means tsS 
(he formnla established by Eytelwein (v = ,^ x 9), which for 
measuring the volume of water flowing in rivers of great depth, 
I consider to be a «bser approximation to accuracy than those 
establiE^ed by Frony and other philosophers, who have inves' 
tigated the subject of the discharge of water flowing down the 
inclined planes of the beds of rivers. These calculations have 
been carefully revised ; and t^e results stated may, therefore, 
be deemed as a sufficiently accorate estimate of the volume 
of water that flows down ftom Lake Erie. 

Allowing about 374,000 cubic feet of water (by estimate) 
to flow through the harbour of Black Bock per second, as in- 
dicated on the map, the results of their calculations shew that 
about 22,440,000 cubic feet, or 167,862,420 gallons, weighing 
710,250 tons, or 1,402,500,000 lbs. of water flow out of Lake 



* In Mr Bladcwall'a map the left Hand column of flgnrei in each aecUon 
representa the diatance of each tonnding tima the American ahore, and 
the riglit bond column the depth of the aomidiiigB. The diatance of the 
foundinga fiota each other maj be found bj- anbtraeting each meuure- 
ment from the one next above it. Tbe atrow denotes both the direction 
of the enrrent and the point of compaaa. 
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Erie every miDate, and become precipitated over the cliSs of 
rocks at ibe grand cataract of the Falls of Niagara. 

Estimating the perpendicular descent of the waters of ths 
grand cataract to be one hundred aod sixty feet, and making 
the usual allowance of one-third part for waste of efiFective 
power, in the practical application of water to water-wheels ; 
and also estimating the power of a horse to be equal to a force 
that will raise a weight of 33,000 pounds one foot high in one 
minute, which is Watt and Bolton's standard, we obtain the 
fdlowing results : 

1,402,500,000 lbs of water x 160 feet of descent \ . 
33,000 J~' 

s 4,533,334 horse-power, which is the measure of the me- 
chanical force, or motive power, that the water&U of Niagara 
is capable of imparting. 

It has been estimated by Mr Baines, in his History of the 
Cotton Manufactures of the United Kingdom of Great Britain 
in 1835, that the motive-power employed to operate the ma- 
chinery of all the cotton-mills in Great Britain was then 
equal to that of about 

33,000 horses, imparted by the agency of steam. 
11,000 ... ... ... waterfalls. 

100,000 horse-power he estimated to be employed to operate 
the woollen, flax, and other mills, and mechanical 
operations. 
50,000 horse-power for propelling the machinery of steam- 
boats and coal-mines. 

194,000 horse-power in the year 1835. 

Supposing about 20 per cent, to have been added 
to this motive-power in the increase of locomo- 
tive eng^es for railways ■ and steam-boats, as 
well as for various manufacturing purposes, since 
39,000 1835, we add to this aggregate 39,000 horse-power 
■■-—'■'- more, 

233,000 horse-power may be taken to be the aggregate of 
motive-power of all the steam-engines and improved 
waterfalls of Great Britain ; which, it will bo per- 
ceived, is only l-19th part of the effective water- 
power of Niagara Falls. 
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When it is considered that the water-power of the cataract 
of Niagara is unceasing, by night as well as by day, and that 
the power, as calculated above, for practical purposes in Great 
Britain, is only applied, on an average, about eleven hours per 
day. during bo. da;^ of the week, it may be assumed that the 
motive-power of Niagara Falls is at least forty-fold of the 
aggregate of all the vrater and steam power employed in 
C^«at Britain, and probably equal to the aggregate of all the 
motdve power employed for mechanical purposes on this earth. 

The surface of Lake Erie is found to be 331 feet above the 
suT&ce of Lake Ontario, and 665 feet above that of the 
ocean. The descent of the waters of Nii^jara River, in the 
few miles of distance between Black Rock and Qneenston, is 
about 171 feet, exdusive of the grand cataract itself, forming 
a succession of rapids, which, in some places, present to view 
the sublime spectacle of the agitated surface of the ocean in 
a storm ; and these rapids continue to occur during the sub- 
sequent descent of the river St Lawrence, from the level of 
Lake Ontario to that of the sea, making, in the aggregate, 
above three-fold of the water&ll of the grand cataract, and, 
consequently, one hundred and twenty-fold of all the physical 
power derived from the use of all the waterfalls and steam- 
engines employed, as above stated, in Great Britain, omitting 
to take into account the several huge rivers that are tribu- 
taries of the St Lawrence. Such, and in so great a scale, are 
the ordinary operations of the impulses of physical power em- 
ployed in the " mechanics of nature," in governing the move- 
ments of the waters of a single river, exceeding manyfold the 
portion of physical forces rendered available and employed 
by all the inhabitants of the earth, as a motive-power in the 
" mechanics of the arts." There is thus furnished an im- 
pressive lesson to humble the pride of man in his boasted 
achievements of the triumphs of mind over inert matter. It 
is well that these considerations should occur to the spectator, 
whilst he regards the cataract of Niagara ; for nowhere is 
there exhibited on this earth a more impressive spectacle of 
the display of energetic physical power. Cold and indifferent, 
inde.ed, to the highest attribute of Omnipotent excellence, 
most be the mind of that human being, who ctm raise his eyes 
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firom the contemplatioD of this aubUme woifc of nature, with- 
out a glow of fervent admiration of the " might, majesty, and 
power" of nature's God. — The American Journal of Science 
mnd Arte, vol. xlvi. No. 1. Janijaiy 1844, p. 67. 

On a Carbonaeeotu Depoeit, or Film, oh the Laies of Wett- 

moreland. Bj John Datt, M.D.,FJC.S^ L, and E. Com- 

mnnioated by the Author. 

Although the lakes of Westmorland, in common with its 
streams, are distingaished for ihe parity of their waters, yet 
occasionally their sur&oe may be seen oovered to some extent 
with a blackish film. I have observed saoh a film, or pellicle, 
drifted, as it seemed, by the wind, when very gentle, not only 
oa Windermere, and the Rydal and Qrasmere lakes, but also 
on Eaadale tarn, a small secladed mountain Ute. 

The matter of this pelHole I have found, on examination, 
to be chiefly oarbonaceoos, and very like the matter of soot 
from ooal : thus, it has deflagrated when heated with chlorate 
of potash ; it has taken fire and consumed without flame be- 
fi3re the blow-pipe ; triturated with water, so as to be tho- 
roughly wetted, it has souk ; and, under the microscope, it 
has appeared to consist (rf particles of irregular form, varying 
in aze firom j^sq inch in diameter, or under that, to -^^gji 
of an inch, or more ; and tramnnitting, like particles of soot, 
a brownish light. 

Having the properties of soot, must it not be inferred that 
the matter of this film is soot in reality, wafted probably from 
a distance, from the great manufacturing districts of Lanca^ 
shire and Yorkshire, and brought down, when floating in the 
atmosphere, by rain ; the mountiuns of the lake country act- 
ing as great refrigeratories, tending to arrest and condense, 
or precipitate, the vapours rising from lower and warmer 
levds 1 What is m &vour of this view is, that the pellicle is 
moat commonly seen after heavy nuns, succeeded by a calm 
or a gentle breeze, and also that a similar matter is sometimes 
observed on the surface of enow on the remote hills and 
mountains. 

When it is considered to what vast distances the sand of 
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the desert, and voloanio sand, and the spray of the sea, have 
been oarried by the wind, it ia easy to conceive that soot, the 
matter of smoke, may be wafted through the atmosphere, 
even farther than ia required, on the supposition that the 
mun source of the Sim in question is the adjoining manufac- 
turing distiiota, 

, Liebig has detected in the rain water of Germany, beades 
carbonate of onunonia, fecal matter, tfaat ia, the odour of thia 
matter. I have examined many samples of rain water col- 
lected at Amblende, and have always detected in them am- 
monia, but never tibe offensive smell alluded to. I have found, 
too, it may be remarhed, collected in the fdnncl of my rain- 
gauge, to the terminal pipe of which a piece of linen ia 
fastened as a Slter, a notable portion of soot, exactly resem- 
bling the matter of the pellicle of the lakes. But, though 
I believe that the greater part of it was brought from a 
distance, I would not insist on this, inasmuch as it may be 
said to have been derived from the smoke of the adjoining 
village. 

I have made no mention of the quantity of black matter 
observed on the Westmoreland lakes, or on its dnration. Its 
duration is generally short, disappearing after disturbance <^ 
the water by the first heavy wind, when being wetted by the 
agitation, it is probably diflhaed through the water, and 
shortly sinks. Its quantity is often considerable, quite pre- 
cluding the idea of its being derived from the village and 
hamlets of the country ; and ia of sueh common occurrence, 
especially on Windermere, that some gentlemen keeping plea- 
mre-boata, from its blackening effect, have ceased, I am in- 
formed, to paint the bott-oms of them white. 

The Windermere boatmen, with whom the appearance ia 
familiar, imagine that the bUch matter riaes from the bottom 
of the lake; a supposition which can hardly be maintained, 
being incompatible with the specific gravity of the substance 
when wet, when, as I have already observed, the matter of the 
ghn sinks in water. Another supposition r^arding its origm, 
which at first view seems more probable, is, I believe, equally 
untenable, viz., that the black matter is of the nature of peat, 
and is washed down from the hills from beds of peat. The 
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objeotioius to this are, that the ini(n^>soopio oharaoter of the 
substance of the film is different from that of peat, being with- 
out vegetable fibres ; and that the water of the lakes and 
moontain tarns of Westmoreland are never, that I am aware, 
discoloured by peat, which, indeed, is not abundant io the 
lake district, U chiefly confined to the hollows of the higher 
hills, and, I b^eve oontuns very little solable matter capable 
of imparting a brown colour to water, supposing that this 
aolouT is owing to dissolved mater, and not merely to sus- 
pended particles of peat. 

Whether a fihn of soot, or of black matter, such as I have 
pointed out, has been observed on any other lakes, I am igno- 
rant ; I am not aware that it has been described before. 
Were attention, however, paid to the subject, it is probable 
that the same appearance would be observed elsewhere ; and 
it may be deserving of attention, not only as a matter of curi- 
osity, but also aa as indication of currents of air, and of the 
course and spread of effluvia.* 

Thx Oakb, Axbi.xbu>ii, 7th M&y 13U. 



OuUinea of Mr W. HojMWg Begearehea in Phyticat Geology. 
Ist, 2d, and 3d Series. (London, 1839-1842.) By Chables 
Maclaren, Esq., F.K.S.E. C<»nmunicated by the Author. 

Physical geology, which treats of the structure of the globe 
in mass, without reference to the succession of rocks at the 
surface, has been greatly advanced by the labours tA this able 
mathematician. The results to which the present researches 
have conducted him are new and curious, as well as geolo- 
gically important. So far as I know, they have not yet found 
their way into any of the geological works now in circulation ; 
and for this reason, as well as on aooonnt of their intrinsic 
value, a popular ouUine of these results may be nsefuL 

Modem science is rich in wonders. Who would think that 
the ran and the moon, bodies so distant, and of which in most 

* The blftck-Tains of Cooada, also the film of carbocaceou* nut- 
ter obseiTed on the Borface of Loch Earn bj Mr Milne, as noticed in 
one of our ToIomeB, appeal to have the Nune orij;iD iw that abov« 
described. — Edit. 
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reacts we know so little, cotild be interrogated respecting 
the straetiiTe of onr globe in those deep reoeseea to which we, 
who live on its surface, cannot find access — ay, and should be 
able to return us distinct and instmotiTe responses 1 Such is 
the case, as Mr Hopkins has shewn in these very learned papers. 

Mr Hopkins's conclusions rest entirely on the efifects of the 
sun and the moon's attraction, as indicated by the phenomena 
of Precession and Nutation. Any analysis of his elaborate 
calculations would be out of place here. What I propose, is 
to give a general idea of the basis and form of his argument, 
and an abstract of bis conclusions. 

It is known that the sun itself, and all the planets and 
secondaries of the solar system, attract each other with forces 
directly proportioned to their masses (that is their weights), 
and inversely proportioned to the squares of their relative dis- 
tances. It is known also that the earth is not a perfect 
sphere, but an oblate or flattened spheroid, the equatorial dia^ 
meter of which exceeds the polar by l-300th part. To 
egress it in another form, the equatoiial parts are thirteen 
miles farther &om the centre than the polar. ] 




In the above diagram, the round figure G- represents a seo- 
tion of the globe through its axis, N the north and S the 
south pole ; a b the equatorial protuberance on one side of the 
globe, c d that on the other. If the earth were a perfect 
sphere, the moon's attraction would have no disturbing effect 
upon it. And though it is an oblate spheroid, the result 
would be the same if the moon's orbit were in the plane of the 
equator, that is in the position G m, as in this case the force 
of attraction on the one side of ,the earth would exekotly 
balance that on the other. But the plane of the moon's orbit 
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is oblique to tliat of the equator, or in the line b M ; and as 
the distance between the satellite and the earth is only thirty 
diameters of the latter, the action of the moon H is a little 
greater on a b, the part of the protaberanoe next to it, than 
on the part-opposite, c d. The effect of this disturbing aoti<Hi 
is to draw down the plane of the equator from the direotion 
G- E to the direction G e, and to produce a oorre^Hinding 
angular change in the position of the earth's axis, shifting it 
from N S to n s. This change of position is called the ^wAi- 
Hon of the eartH's oieia (from nutatio, nodding). The name is 
appropriate, for the motion is constantly varying in amount, and 
constitutes a sort of tremor or vibration, which runs through its 
principal phases in eighteen and a-half yean, the period in 
which the moon's Nodes complete their revolution. The action 
of the sun is conjoined with that of the moon, but is compara- 
tively feeble. The secondary effect of this Nutation is the 
preceenon of the equinoxes, or the shifting of the eqoinootial 
points 50' westward annually, which makes the pole of the 
earth describe a circle of 47° in diameter round the pole of the 
ecliptic in 25,800 years. 

The thickness of the equatorial protuberance abed, and 
the magnitude of the angular change in the earth's axis N n, 
must not be judged of from the figure, in wluch they are 
necessarily exaggerated. The equatorial protuberaoee amount- 
ing only to 13 miles upon a semi-diameter of 4000, may be 
compared to a band of writing-paper wrapped round the 
middle of an orange. The nntaluon makes the pole N desoribe 
a very small circle round its mean place, namely, of about 
900 feet radius. To give an idea of the extreme minuteness 
of the change, let us suppose an iron rod 100 feet long, fixed 
at one end and moveable at the other, to represent one-half of 
the earth's axis. If the moveable end were pulled the twentieth 
part oftm inch to one side, the deviation would be proportion- 
ally as great as that which the Ivnar nutation produces in the 
terrestrial axis. 

The earth's equatorial diameter exceeds, I have said, the 
polar only by a 300th part. The moon's attraction, there- 
fore, may be considered as acting upon the part a, with the 
(ud of a lever, a fraction longer than if the earth had been a 
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perfect sphere. The difierenoe is very smalt ; but when we 
also recollect that the moon's attraction at d counteracts her 
attraction at a, and that it is only the difference between the 
one attraction and the other, depending on the inequality ot 
the distance, which disturba the earth's position — and further, 
that the mass or weight of the distorbing agent, the moon 
(which is the measure of her power), is only the 68th part of 
that of the earth — when all these oircnmstanceB are con^dered, 
it might be inferred that the effect of causes so yery minute 
would be inappreciable. Such an inference, however, would 
be erroneous. In truth, the e^et was discovered first, and 
led to the knowledge of the cause. Dr Bradley detected a 
change in the latitude of the stars, which, after increasing for 
nine years, diminished for the next nine, and amounted in all 
to eighteen seconds. He observed that its period coincided 
exactly with that of the revolution of the moon's nodes, and 
was thus led to the discovery of the cause- 
Cavendish's celebrated experiments with lead balls have 
been lately repeated at the expense of Government ; and the 
oonolnsioa drawn from them is, that the mean density or 
weight of the earth is rather more than 5^ times the weight 
of an equal bulk of water.* Now, the rooks at the surface are 
only about 2^ times the weight of water, and to make up the 
mean density or weight of the whole to 5}-, it follows that the 
interior must be aa much above that as the surface is below 
it. We thus arrive at the conclusion, that the density in- 
creases with the depth beneath the surface. 

Astronomers simplify the problem by considering the pro- 
tuberance, abed, as a ring detached from the spherical mass. 
The action of the moon in shifting the axis of such a ring, 
revolving in free space, would be very great ; but it is reduced 
to the very minute quantity I have mentioned, because the 
sphere, to which the riug is attached, has no tendency to 
change its position, and resists the change in the ring by its 
inertia. The ring, in short, has an incomparably Im-ger mas* 

• The proportion, u ^ven in the laatTolume of the "Penny Cyclopsdia," 
iB 566 to 100. This work, though bearing a humble title, ia mvaluabla 
far the accuracy and great amount, M well u the acoeuible fbrtn, of 
the knowledge it ci 
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to drag after it, and henoe UDdergoes bat a very slight change 
of position. 

The magnitade and density of the globe being known ap- 
proximate]}', and also the magnitade and density of the ring 
abed, the action of a body like the moon, whose mass and 
distance are known, can be subjected to mathematical oaloula- 
tioD. 

- Mr Hopkins first investigates the phenomena of preoessioQ 
and natation on the hypothesis that the earth ia of uniform 
density throughout ; and in this case the conditions of solidity 
and fluidity are ooneidered. His chief object here seems to 
have been to test the accuracy of his process ; and we need not, 
therefore, stop to notice the results. He then passes to the 
case in which the earth is assumed to be, what it really is, a 
body whose density is variable, increasing with the depth, and 
is modified by the conditions of internal fluidity and solidity. 

The mean density of the globe is about the same with that 
of the heaviest iron ore, or 5}. Keeping in mind that the 
force of attraction is in proportion to the quantity of matter, 
tet TU assume the ring abed to be of the same density with 
the sphere G, or five and a half times the weight of water. In 
this case its effect, under the moon's attraction, in disturbing 
the position of the earth's axis, would be in proportion to its 
relative mass, and its distance from the earth's centre. Bat 
if the density of the ring were only that of brick, or two times 
the weight of water, its disturbing effect upon a sphere of the 
superior denrity of iron ore would be comparatively trifling. 
If, again, the ring had merely the density of pine wood, which 
is bat the eighth part of that of iron ore, its disturbing effect 
would scarcely be appreciable by the nicest observation. 

But the density of the ring, and the average density of the 
globe, are not the only elements involved in the problem. We 
have further to inquire into the constitution and distribution 
of the matter in the interior of the globe. We know that it 
is solid at the surface. It is solid to the centre — that is to 
say, is it composed of parts immoveable inter ae f We know 
also from volcanoes, that there is fluid matter within it, that 
is, matter whose parts are moveable, and obedient inter ae to 
-the laws of gravitation, external attraction, and centrifugal 

TOL. XXXVII. HO. LXXIII. — JULT 1844, P- , 

r..<:,iPr..i-,:,C_nOOi^lC 



34 Oft the Constitution and Construction of the 

force. Does this fluid matter compose a large or a small part 
of the entire mass P Is it situated near the aurfaoe, or at a 
vast depth ^ The disturbing action of the moon will not be 
the same upon a globe all solid, and upon one nearly all fluid ; 
will not be the same upon a globe in which the solid shell 
forms one-half of the mass, and another in which it forms only 
one-tenth. 

These statements will convey a general idea of the condi- 
tions of the problem which Mr Hopkins had to solve ; and be 
seems to have been careful to examine it under all its various 
forms. 

The conclusion to which his researches have conducted him 
is thus announced : — " Upon the mhole, then, n>e mag venture 
to assert, that the minimum thickness of the crust of the globe, 
tvhich can be deemed consistent with the observed amount of 
precession, cannot be less than one-fovirtk or one-fifA of the 
earlKt radius.'''' That is from 800 to 1000 miles. 

Let it be observed that this is the minimum thickness con- 
sistent with the known precession. The actual thicknees may 
be much greater. The globe may even be solid to the centre, 
and this, too, without very materially altering the conditions 
of the problem ; for if the shell is 1000 miles thick, it consti- 
tutes /our-gefendAd of the bulk of the globe ; and though the 
remaining three -sevenths may have a higher density, the action 
of disturbing forces upon them from without is greatly lessened 
by their central position. Two other elements are yet want- 
ing te give us complete information on the points in question. 
These are the eff'ect of preRsure in producing condensation in 
the matter of the globe, and the effect of heat in resisting it. 
Professor Leslie made some experiments to ascertain the rela- 
tion of density to pressure, from which he mferred, that at the 
depth of 400 miles, or one-tenth of the semi-diameter, marble 
would have its density increased nearly one-half, while water 
would have its density more than quadrupled, and would, in 
fact, be heavier than marblo. He hence concluded, that the 
density of the globe must increase so rapidly in the interior, 
that if it consisted either of solid or fused matter to the centre, 
the mean density would greatly exceed five and a half times 
the weight of water ; and, therefore, that it must conust of a 
hollow shell, the cavity of which is probably filled with some 
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extremely elastic substance, such as elemental fire or light. 
Id these oaloulatiooe, the modifying effects of heat were left 
out of view ; and partly, perhaps, on this account, partly from 
the insufficiency of the data, no great importauoe seenia to 
have been attached to tlie result by men of soienoe. So far as 
I can see, Mr Hopkins's conclusions would only be partially 
affected by a more accurate determination of the relations 
between pressure, density, fusibility, and heat. Snch deter- 
mination would merely add a little to, or subtract a little 
from, the thickness of the crust, which must still remain a large 
submuldple of the radios. 

From the rapid increase of heat as we descend beneath the 
surface, it had been inferred that a temperature sufhoient to 
fiiae every known sabstanee, would be found at a very mode- 
rate depth. Cordier, one of the Srst who took a oomprehen- 
mve and scientific view of the subject, thought that the thick- 
ness of the crust did not probably exceed sixty miles, bat 
might be much less ; and he further inferred that the lavas 
flowing from volcanoes were merely portions of the great central 
reservoir of molten matter, squeezed oat in consequence of a 
slow contraction of the shell of the globe, prodaoed by secular 
refrigeration.* Like Mr Leslie, he made no allowance for the 
antagonism betwixt heat and pressure. It was justly objected, 
too, that the supposition of the depth of the solid envelope 
being so small — only one-sixty-mxtb part of the semi-diameter 
— ^in comparison with that of the fluid mass within, was incon- 
sistent with the known stability of the earth's surface. 

Mr Hopkins's conclusion, no doubt, rests on a narrow enongh 
basis. It is something like an estimate of the distance of t^e 
stars, deduced from a difference of one or two seconds in their 
{^parent poration — a difference scarcely dietinguishable from 
errors of observation — ^but in the absence of more direct and 
poffltive evidence, we are thankful to obtun it. I believe it 
to be correct in principle, and that its errors, if any, are errors 
of degree ; and the views respecting the structure of the globe, 

* Sisai BUT 1a TempeiatoTe de I'lnUrieur de 1ft Terre ; In k I'Aco- 
demie des Scieuoes, Juin 1827. HU eitimate ie 20 leaf^es of 5000 
metrei. 
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to which it oonducts as, are in hannony with taati derived 
from other sooroes. 

" The results arrived at," says Mr Hopkins, " have an im- 
portant bearing on onr physical theories of voloanio forces, 
and the mode in which they act. Many speculations respect- 
ing actual volcanoes have rested on the hypothesis of a direct 
communication, by means of the volcanic vent, between the 
surface and the fluid nucleus beneath, asfluming the fluidity to 
commence at a depth little, if at all, greater than that at 
which the temperature would suffice, under merely the atmo- 
spheric pressure, to fuse the matter of the earth's crust. 
When it is proved, however, that that crust most be several 
hundred miles in thickness, the hypothesis of this direct com- 
munication is placed much too far beyond the bounds of pro- 
bability, to be for an instant admitted as the basis of theo- 
retical speculations. We are necessarily led, therefore, to the 
conclusion that the fluid matter of actual volcanoes exists in 
subterranean reservoirs of limited extent, forming subterra- 
nean lakes, and not a subterranean ocean. Such, also, we 
conclude, from the present thiclaiesa of the earth's crust, must 
have been the case for enormous periods of time ; and, conse- 
quently, there is a very high degree of probability that the 
same was true at the epochs of all the great elevations which 
we recognise, with the exception, perhaps, of the earliest." 




Let figure 2 represent a section of a portion of the globe 
to illiuttate the hypothesis. 
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' C The centre of the globe. 

L The shell or omat of eolid matter, whose depth is as- 
Bomed to be 1000 miles, or oDe-fonrth of the radina » C. 

# 8 The surface of the globe, or outer boundary of the crust. 

1 1 The inner soriaoe or boondary of the solid omst. 

N The interior, which may be filled with matter, either fluid 
or solid. 

rr Beservoirs of fluid matter, at a moderate depth under 
die Burfaoe, which produce movements of elevation and give 
biiih to volcanoes. 

Mr Hopkins thinks the origin of these subterranean lakes 
or insulated masses of fused matter, may be ascribed to two 
causes ; first, the greater fusibility of the matter composing 
them ; and, secondly, a relaxation of the pressure, which coun- 
teracts fluidity. We know that there is a great difference in 
the fusibility of the rocks forming the outer parts of the globe ; 
and we have no reason to doubt that there may be a similar 
diflerenoe in the matter existing at a greater depth. We 
know, too, that when certain substances which act as fluxes 
happen to be present, fusion is facilitated. The greater fusi- 
biUty of some parts being admitted, Mr Hopkins shews how 
it might be sustained or increased by upheavals ; and his 
hypothesis has the further merit of explaining very happily a 
phenomenon attending elevatory movements which has hitherto 
puzzled geologists. 




Let A B, fig. 3, represent a transverse section of a portion 
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at the outer crust of the globe, some miles thick, which has 
undergone an elevatory movement, and been fissured by it. 

B The cavity containing the flaid matter, whose expanfflon 
or intumescence has heaved up A B. " The fissures," Bftys 
Mr Hopkins, " will scarcely ever be exactly parallel, and 
therefore will meet if sufficiently produced." The ^agrsm 
shews them before they have undergone any displacement. 
Some of the separate masses are complete wedges, as b and A ; 
some truncated wedges with their broad sides upwards, as df\ 
and some truncated wedges with their broad sides downwards, 
asaceg i. The formation of these fissures will be completed 
at nearly the same instant of time. Conceive the mass A B 
to be then forther uplifted. The fissures will not be farther 
widened ; for the complete wedges b h, which do not reach 
down to the fluid mass below, will descend by their gravity 
into the position shewn in fig. 4. The truncated wedges also, 
df, having their narrow sides downwards, will encounter less 
resistance from the fluid mass below than ate gi, which have 
their broad sides downwards, and will also descend ; and thus 
the different masses will arrange themselves as shewn in fig 4, 
forming an aroh Khich mill sustain itself. Supposing, then, 
the cause of the intumescence of the fluid to cease acting, and 
that fluid to return to its original dimensions, the pressure of 
the superincumbent mass A B may thus be wholly or partially 
removed from the fluid. " Hence, assuming that solidification 
is promoted by great pressure, it evidently appears how a 
portion of the interior mass might be maintained in a state of 
fluidity by the removal of a superincumbent pressure, which 
would otherwise have brought it to a state of solidity. " 

" It is not essential to assume that the arch shall entirely 
support itself. It may be partly supported by the fluid be- 
neath, or it may break down in certain points, or along cer- 
tain lines, and form there new supports intermediate to the 
extreme ones. Instead of one continuous internal lake, a num- 
ber may thus be formed, connected with each other by more 
or less obstructed channels of communication." 

The phenomenon previously mentioned, which this hypothesis 
so well explains, is the following : — "When faults, or sbiftings 
of the strata, occur in mines, it is always found that the dis- 
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located portion is to be soaght above or below, aocordinjp as 
the line of fault, traced downwards across the bed, inclines 
outwards from, or inwards to, its plane. Thus if m, a bed in 
the mass e, is cut o£F by tbe fault t dividing e from d, the miner 
seeks for the prolongation of it downward, and will find it at «, 
because the line of fault I inolines outward front the plane of 
the bed. If, again, he had been working on n, he would have 
sought the prolongation upward, because the angle inclines in 
the opposite way. Tbe explanation is, that the fluid matter 
in the cavit j B exerts a greater pressure on the masses acegi, 
whose broad sides are downwards, than on b df h, whose nar- 
row sides are downwards, and in the general movement the 
former ure therefore pushed farther up than the latter. Or, 
to express it in another form, the latter slip down till their 
immeruon in the fluid counterbalances the narrower snrface 
exposed to its pressure. This curious fact in mining has long 
been observed ; and, so far as I know, it has hitherto baffled 
tbe ingenuity of geologists to give even a plaiisible explanation 
©fit. 

The hypothesis of the fluid matter existing in isolated cavi- 
ties at a moderate depth, enables us to explain some of the 
phenomena of volcanoes by the operation of an agent which is 
known to be always present, namely steam or watery vapour. 
Professor Bischof of Bonn, in an elaborate and learned me- 
moir,* calculates that steam, at its maximum elasticity, is ca- 
pable of supporting a column of liquid lava 17 miles in height. 
The depth at which the internal heat of the globe would suf- 
fice to keep lava in a state of fusion, is estimated at 20 or 30 
miles ; but the data are too imperfect to indicate the ratio of 
increase with any certainty. The increase, too, may follow a 
geometrical, instead of the arithmetical, ratio assumed ; and in 
this case the depth will be much less. Besides, if there is an 
excess of heat at the bottom of a reservoir, the matter may be 
kept fluid by circulation, to a level much nearer the surface 
than the supposed limit of fusing temperature. Watery va^ 
pour, also, may not only reach the cavity containing tbe fluid 
, but may mingle with it through chinks in the volcanic 



^ Edinburgh Xew Philosophical Joomal, ivavtxf and April 1839. 
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vent ; and, " as a bubble of ui let into a barometer tnbe drive* 
the merctuy into the TomoelUan vacuum far above the baro- 
metrio height, aqueous vapour may raise a column of lava of a 
height equal to its expansive foroe into the channels opening 
into the craters."* We may thus have a continual alterna- 
tion of colamns of lava and steam rising in suooession, the 
consequence of which would be an alternate Section of lava, 
red-hot mosses, and clouds of vapour, as well exemplified at 
Stromboli. 

Now, to enable the steam to exert the prodi^ona force re- 
quired, we must suppose both it and the lava on which it acts 
to be lodged in a cavity, surrounded on all sidea by solid resist- 
ing walls, witii no opemng but the volcanic vent and ^e chinks 
by which watw is admitted. If lava were part of a central 
fluid nucleus, water reaching it at any point, after being con- 
verted into vapour, would gjide along the under part of the 
solid cruet, and settle at the highest vaulted cavities, till ad- 
ditions to its quantity or its temperature enabled it to open a 
passage for itself, or for a portion of the lava, through the 
crust. Water passing downwards from the ocean near the 
idiore, might thus create a volcano at the distance of 300 or 
1000 miles inland, as readily as near the coast. But the fact 
of all active volcanoes being near the eea, or large bodies of 
water, is at variance with this supposition. On the contrary, 
it lends support to the conclusion, first, that water is a ne- 
cessary agent in volcanoes ; and, next, that the fluid matter 
upon which it acts exists in isolated baaina of various forms 
and dimensions, confined within solid rocks. Thus, one basin 
150 miles in length may exist under southern Italy, connecting 
VesuriuH, the Lipari Isles, and Etna. There may be one 200 
miles in length and breadth, under Iceland ; and a vast trough 
^KK) miles or m<»e in length, but of comparatively small 
breadth, may extend under the Andes. The sudden and si- 
multaneous activity of three volcanoes in the Cordillera, far 
distant from each other, which broke out from a state of re- 
pose into violent eruption on the same day, favours the idea 
of a subterranean connection between them ; and the existence 

• Pischofa Paper, p. S9, 
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of an ^most continued line of oratera in the intermediate 
epaees, strengthens the probability of sueh a connection. The 
three volcanoes were, Osomo inlat. 40° S., Goncagua inS2°&., 
Aid Gosegoina in lat. 13° N., and the day of their eimoltane- 
ons eruption was 20th Jan. 1835. — (Mr Darwin, Trans. Creol. 
Soo., March 1838.) If the voloanoes at the two extremities 
of the line sympathize in their action, we would expect aU the 
intermediate parts to be disturbed less or more ; and the ex- 
treme frequency of earthquakes in the Andes (often several in 
a day) may thus be the natural consequence of the long series 
of craters, the activity of any one of which will agitate the 
whole chaki in a less or greater degree. 

The hypothesis helps us to exjJain local elevation and local 
mbddeaee. Fused matter must be subject to greater changes 
of temperature than solid matter. The one is influenced by 
conduetion and circulation, the otiier by conduction only. A 
small contraction or expansion in a fluid mass 5 miles or 50 
miles deep, is sufficient alone to account for a portion of the 
external crust which forms its roof being raised or depressed, 
without calling in the agency of water at all. Then as to the 
causes of oontraetioo and expansion, the fluid mass, indepen- 
dently of mere variatioua of temperature, may augment its 
bnik by dissolving a part of its walls, or diminish its bulk by 
partial or entire soUdifieation. Again, let us suppose a large 
volume of steam to be permanently in contact with the fused 
mass, and so placed that it cannot escape, it will act like the 
air in the air-t^amber of a fire-engine, and a email addition to 
its volume will force upwards, and eject, a part of the fused 
matter. I think, then, that the hypothesis of partial deposits 
of fluid matter has material advant^es over that of a fluid 
nucleas. Firstly, it allows us to assign a thickness to the crust 
of the globe which is more in accordance with its known sta- 
bility. Secondly, it ofiers greater probabilities of such changes 
taking pliuse in the condition of the matter itself, as the phe- 
nomena require us to suppose. Thirdly, by placing each fluid 
mass within solid walls, it better explains how these changes 
may manifest themselves at the snrface ; because it allows us 
to suppose that the fused matter, confined and compressed 
within its rocky envelope, may ascend, on the same principle 
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as the mercury ascends in the thermometrical tube. Fonrthly, 
limited and local depositB of fused matter best account fw 
limited and local moTements — ^for certain portions of the earth's 
surface beiu^ repeatedly ruptured or disturbed, while others 
appear to be in a state of complete repose. 

While it was supposed that the source of subterranean ac- 
tion was at a vast depth under the surface, it was oatoral to 
infer that the e£fbots of one moTemeut might extend over a 
vast space. In common with many others, I was accustomed 
to consider it as probable that earthquake shocks which syn- 
chronised within a few hours, though happening in distant 
countries, might proceed from one and the same efibrt of the 
plntonie force. This was merely a conjecture, favoured by 
some foots, and opposed by others. A dditional light has lately 
been thrown on the subject by the researches of Mr David 
Milne. The register of the shocks at Comrie for some years 
past which he has published, and the record which he has col- 
lected of those occurring abroad, shew that the synchronism 
of shocks at distant localities, when carefully examined, wants 
the acooraoy and consistency necessary to prove a common 
origin. Two well-known foci of disturbance are St Jean de 
Maurienne in Savoy, and Comrie in Scotland, separated by 
an interval of 1100 miles. It happens sometimes that an 
earthquake occurs at both on the same day, and the coinci- 
dence is thought remarkable. But on comparing a register of 
the shocks at each for the five months from October 1839 to 
March 1840, Mr Milne found that while no less than 150 were 
observed at Comrie, and 58 at St Jean de Maurienne, there 
was a complete want of that general agreement which a com- 
mon origin would have produced,* Indeed, when we are ap- 
prised of the frequency of the shocks at each locality, we na- 
turally infer that an accidental coincidence within the limits 
of a day must occur at times. Mr Milne, therefore, considers 
the evidence he has collected as irreconcileable mih the idea 
that an; connection exists betwixt the sources of subterranean 
movement at these localities. Other observations have led 
him to conclude, that even in cases where the seats of distorb- 



* Edinburgh New PhUoBophical Journal. No. 12, p 363. 
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anoe are comparatiTely near (as Comrie and Oban), their ao- 
tion may be independent of each other. The agitation felt 
over so wide a region at the great earthquake which destroyed 
Lisbon, and on other occasions, may be considei^ as a mere 
vibration propa^ted through the outer part of the crust, 
from the focua of disturbance, like the tremor which aooom- 
panies the blasting of rocks. From the independence of ac- 
tion, he reasonably infers that the seat of disturbance cannot 
be at any great depth. These views harmonise with the eon- 
clnsions of Mr Hopkins, deduced from very different data. 
While, therefore, some of the basins of fused matter may be 
of great extent, like that under the Andes (suppoong the 
synohronism of volcanic action over the long line to be estab- 
lished), others may be very small ; and the simultaneouscess 
of disturbance at distant spots may be merely the effect of 
vibrations propagated from the centre. 

I shall advert in the briefest terms to some hypothetical 
views thrown out by Mr Hopkins, as to the changes of form 
the globe has undei^ne. If the earth was orig^ally fiuid, it 
might pass to the solid state in two modes. The heat would 
be continually dissipated from the surface, and would there- 
fore be greatest at the centre ; and so long as the mass was 
fluid, the inequality of the heat would cause a constant circu- 
lation betwixt the surface and the centre. Now, if the effect 
of heat in preventing solidification was greater than the effect 
of pressure in promoting it, solidification would begin at the 
surface, where a crust would be formed, and would constantly 
increase in thickness, by layer after layer added to its under 
side. But if the effect of pressure in promoting solidification 
was greater than the effect of heat in preventing it, golidifica- 
tioa would begin at the centre and extend outwardly. While 
the process was going on, circulation would continue in the 
fluid part exterior to the solid nucleus. But before the last 
portions become solid, a state of imperfect fluidity would 
arise, just sufficient to prevent circulation. The cooled par- 
ticles at the surface being then no longer able to descend, a 
crust would be formed, f^m which the process of solidification 
would proceed far more rapidly downwards than upwards 
from the solid nucleus. Our globe would thus arrive at a 
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state in which it would be oompowd of a solid exterior shell, 
and a solid central nnoleua, with matter in a state of fusion 
betwixt them — a state, in short, similar to that indicated in 
figure 2, supposing the central space, N, to be filled np with 
solid matter. 



Onlhe Terrettrial Arrangements connected foith the Appearance 
of Man on the Earth: being the substance of a Lecture de- 
livered by Professor Gustat Bischof of Bonn, at Bonn. 

I. Coal and Soil. 

Coal. Evaporation goes on the more rapidly the higher the 
temperature of the sea and of the surrounding atmosphere. The 
southern seas are, therefore, much more productive of Tapours 
than those situated farther to the north. Moreover, during 
the earliest geological periods, when the amount of heat diffused 
over the earth was comparatively greater than at present, the 
quantity of atmospheric moisture must have been much more 
considerable. 

"We have, in one of our former lectures, pointed out the 
surprising grandeur and luxuriance which characterised the 
vegetation that was destined to furnish the materials for the 
formation of our immense beds of coal. Whence comes this 
luxuriant growth of plants t Because the two m^n conditions 
of vegetable life, heat and moisture, were then much more 
copiously diffiised than they are at present. 

It has also been observed In one of our former lectures, that 
the ocean covered a much larger space ages ago ; and that ex- 
tensive countries now raised above the sea, were then but in- 
oonsiderable islands. The ocean yielded a greater amount of 
vapours, not only because it was warmer, but because it pre- 
sented a larger sur&ce. These, then, were the principal 
causes active in the production of a very great early vegeta- 
tion. It has been incontestibly proved, that at one time the 
whcde earth, with the exception of a few islands, must have 
been covered by the waters of the ocean. We shall here make 
a few remarks on this subject. If, for instance, our Bhine 
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province had formerly possessed the same extent of surface bb 
at present, we would feel completely at a loss to account finr 
the fact, that the coal strata are so irregularly distributed over 
the country. 

The same causes which, in the vicinity of Saaihrticken, of 
Eshweiler and of Aachen, gave rise to a luxntiant vegetation, 
and which influenced the formation of such extensive beds of 
coal, mtist have been in operation all over the other dis- 
tricts of the Khine province. Instead of this, the coal haa 
been deposited in isolated basins, analogous to the maimer in 
which islands are grouped together. Some of these coal-beds 
are, however, of considerable dimensions ; witness, for instance, 
the enormous coal-beds in England and Scotland, which prove 
such a blessing to these two countries, and which lead us to 
infer, that, during the period of luxuriant vegetation. Great 
Sritain had nearly attained to its present size. 

Another component element of our atmosphere, viz., car- 
bonic acid gas, formerly in large quantities, and which con- 
stitutes a chief portion of the noorishment of plants, in con- 
junction with heat and moisture, acted a prominent part in 
the production of a vegetation remarkable for its luxuriance. 

On examining more closely, we cannot but perceive the ad- 
mirable order disjdayed, in all the arrangements of nature. 
This very element of our atmosphere, the carbonic acid, so 
indispensable to the growth of plants, is prejudicial to animal 
life ; for an atmosphere containing more than 8 per cent, of 
this gas proves fatal to every animal, our own species not 
excepted. It kills, because it arrests the process of breathing. 
Nevertheless, the elements of which it is composed are neces- 
sary to the sustenance of human life. Not a single animal 
has been gifted by nature with the faculty of digesting these 
elements when presented under this particular form. Vegeta- 
tion vras destined to inter-mediate between unorganized na- 
ture and the animal world. An unorganized world Issued 
from the hand of the Creator; immense quantities of carbonic 
Bcid gas were disengaged from its bowels. This gas was de- 
composed by plants, the second wonder of the creation ; and 
food was thus provided for animals, the third wonder of the 
creation. 
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For what reason was it that warm-blooded animals did not 
make their appearance when such enormous quantities of food 
lay ready for consumption ? Because the colossal vegetables were 
destined to purify the atmosphere, and to reduce the carbonic 
acid gas to a certain minimum. (The avera^ proportion in 
which it occurs in our present stmosphorG is nearly one in 2000 
parts.) But they were also destined to furnish the materials for 
fuel and commerce. The next period brought to light the various 
species of monstrous reptiles ; the gigantic lizards, and others. 
All the conditions necessary to the growth and propagation of 
these monsters were then in existence : abundance of food, and 
an excess of heat and moisture. The atmosphere at that time 
— ^in a state of much greater impurity than it is at present — 
could have no effect on these reptiles, accustomed as they were 
to breathe the foul air of swamps and marshes. 

It was for the exclusive benefit of mankind that these early 
vegetables were converted into dead matter, so as to iiimiBh 
the materials for coal. We are always in the habit of consi- 
dering die material world created for no other object than that 
of ministering to our own immediate wants and pleasures. 
We &aicj ourselves the lords of the whole creation ; and it is, 
therefore, natural to ask for what purpose was it that such a 
vast number of animals were first created, and these agun de- 
stroyed — ^what part in the great drama of life was to be per- 
formed by those large reptiles 1 We might answer with a 
verse from Ecclesiastes (i. 4), " One generation paeseth away, 
and another generation cometh ; but the earth abidetb for ever." 
Let us, however, be more explicit on this subject. 

In the first place, let us put the question in general terms. 
Why have millions and millions of animals been doomed to 
live and to die before man could make his appearance on earth 1 
The answer is very simple. The Brahmins live exclusively 
on vegetable diet. This proves that we can exist without the 
fiesh of animals. There are many amongst us who, in imita- 
tion of monastic discipline, abstain altogether from animal food . 
We might thus be induced to believe that human existence ia 
independent of animals. It is easy to expose the fallacy of this 
reasoning. We assert that those who feed upon vegetables 
only, belong, nevertheless, to the class of carnivorous animals. 
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This looks very paradoxical, but still it is true, We may, in- 
deed, live on mere vegetable diet, proTided that the plants 
hare grown on a »oil manured with the dung of nniniMii ; but 
the dung of animals implies the existence of these latter. Ani- 
mals were, therefore, of necessity the preoutsors of tiie human 
race. Animals are said to be either camivoroas or herbivor- 
ous. We may, with equal jiutice, express ourBelves in this 
manner : every animal, is both herbivorous and camivoroas. 
Our horses and our cattle are classed among the herbivorous 
animals, but tJieir food is produced on a soil fertilized by the 
dung of animals. Although we are not in the habit of manur- 
ing our pasture lands, it is easy to prove that the growth <rf 
ihe grass depends entirely on the presence of animal manure, 
which, if not actually mixed with the soil, is carried to the 
plants by the atmosphere. 

As it is very evident that the world of animals has emanated 
from that of vegetables, it follows that the first race of animals 
inhabitLQg our earth were purely herbivorous. It would, how- 
ever, be difficult to point out the exact species. I merely wish 
to draw your attention to the &ct, that when plants, of what- 
ever description, are made to pass into a state of putre&ction 
by keeping them immersed in water, a crowd of animalcula; — 
the so-called Iniusoria — is then brought to view by the micro- 
scope. The same mysterious laws, which cause animals to 
spring up under our own eyes, were likewise in operation at 
the period when the earliest race of «tiitnii.1a ^raa called into 
being. With the infusoria the first link of the great chain is 
given, connecting one generation with another, uiitil it closes 
with our own species, the last and most perfect of created ani- 
mab. 

All that is required are infusoria — dating their birth from 
the putrefaction of vegetable matter — in order to obtain a 
seiicBof carnivorous animals. 

The moment that plants began to decay, and to give rise to 
infiiBOria, which, in their turn, fell a prey to other small ani- 
mals — ^for instance, to the mollusca, which agun became the 
£iod of a Uu^r species, &c — they beoune part of the ibod of the 
monstrous reptiles, the most voracious of the then existing 
animals ; that moment organization had taken a new direction. 
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Ages ago, wheo by &r tbe greater portion of vegetables waa 
converted into dead matter for the formation of coal, there waa 
but little left for t^e food of molluscous and otber small animals. 
The converse appears to have t^en place in a later period. 
The red and vmegated sandstone formations, and the groups 
of oolites, where those monetrouB reptiles are etill found in a 
fossil state, is indeed productive of coal, but the beds are very 
thin and few in number. On the other hand, the remains of 
a^im nlB are copiously disseminated throi^bout the whole mass 
of the rocks jnst mentioned. These remiuns, the result of de- 
cayed animal and vegetable substances, and of very common 
occurrence in the various kinds of sandstone, are all comprised 
under the term Bitumen. Accordingly, we read in geological 
works of bituminous slate, of bituminous limestone, &c. In 
the copper slate, which is a formation very widely distributed, 
and where the working of mines proves to be a lucrative busi- 
ness — as, for example, at Stadzbergen, in the province of West- 
phalia — the bitumen amounts to the tenth part of the weight. 
This slate abounds with the impressions of fish, from the sub- 
stance of which the bitumen has for the most part been de- 
rived. The contorted position frequently indicated by these 
impressions intimates a violent and sudden death of the animal ; 
and their complete preservation proves, that, soon after death, 
the fish were imbedded in a mass of finely divided mud. 

In a similar manner, the colouring principle of the most 
esteemed species of marble, embracing the spotted and striped 
varieties, as also those of a yellow, red, brown, or blackish 
colour, consist exclusively of bitumen. Hence it happens that 
all these species bum completely white — the bitumen is de- 
stroyed, and the white limestone remains. The drawing slate 
(black chalk) used by artists is likewise indebted to bitumen 
for the blackness of its colour. 

The manner in which animal substances are transformed into 
bitumen is very plainly illustrated by the ammonites — a genus of 
shell abounding in the Uaa formation. Among the vast number 
of ammonites'found in the lias, we have had occasion to examine 
several wherethe largeeztemalchamberforming the abodeof the 
animal is found half empty. The creature in its death-struggle 
seems to have, as far as possible, retreated into this part of the 
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shell, BO as to prevent the mud from entering. The matter 
which occupiea the other divisions of this latter chamber is, 
owing to the decay of the animal, highly bituminous. 

Soil. If we now consider, that all the mountain strata, fonned 
at a time when billions of animals might easily be buried in 
their substance, are filled with their remtuns, we may justly 
r^;ard these strata as the large cemeteries or bnrying-grounds 
of antiquity, if we be allowed to use such an expression. The 
greater portion of the crust of our globe is formed by these 
strata. Let ils, for instance, examine the mountains of Swit- 
zerland and of our own country. In the Jura mountaius of 
Switzerland the strata rise to a height of from 4000 to 5000 
feet above the sea ; they continue their course through Swa- 
bia and a part of Bavaria, as &r as Saxe-Oobu^, reappearing 
in the north of Germany between the Weser and the Hartz 
mounttdns. Similar strata are found in Swabia and the 
northern parts of Germany, and amongst them the red sand- 
stone formations occur in considerable masses. 

Suppose the surfece of all these strata to be decomposed by 
the action of the atmosphere, and to be converted into earth, 
what will be the result ? We obtain a mould or soil impreg- 
nated with primordial manure. All those animal and vege- 
table substances, which have been imbedded in these moun- 
tain strata during the period of their formation, are there still, 
existing, in a mineralised condition, under the form of bitu- 
men ; for not a particle of matter can he lost. Since the Crea- 
tion, there has not been lost one single grain of sand, nor one 
single drop of water. There is only motion in a circle, — one 
metamorphosis succeeding another. It follows, therefore, that 
fJI those mountain strata, which abound with the remains of 
animals and vegetables, furnish a species of rich soil. Plants 
and fruit-trees thrive and give nourishment to man and beasts, 
atthee^wnseof these remains and of this primordial manure. 
We return to the fields, through the medium of manure, what 
we gather from them at the various seasons. Again a motion 
in a circle. 

Nature, in order to distribute the fertile mould over the 
country, and to carry it even to the lower plains and sandy 
deserts, has rused into a vertical position the strata so often 
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dlodtfd to, and vliic^ vwe onginiilljr iefou.UA at Mha IwHtoai- 
of the sea. 

They haTe been raised to heights exceeding 1Q,000 and 
12,000 feet. I eh^ here adTert to one pwiicidu mountain. 
Six years ago, aa I was ascending the Faulhom, which is, 
ntuated in the hi^^ilutds of the Caatoa Bern, and riaes about 
8,300 feet above the level of the sea, I inquired of my guide 
ooncenung ^e origin <^ the name given to that moantain. 
His answer was, because tiie locks of which it is oomposedt 
are more apt to rot than any others in Switaerland. This wa« 
not oonectly expressed ; because stones cannot undergo tha 
process of rotting. I understood, however, what he meant to 
say ; and I became soon enlightened (m the subject by oculat 
inspection. The loountain is formed of a species of slate nl 
a blackish oolour, which is easily decomposed by the action of 
the atmosphere. The water insinuates its^ between the 
lamitue, and eiiqianding. when in the act of freezing, tears the 
rocks asunder ; so tha^ on the commencement of thaw^ large 
masses of stone are seen to roll down into the valleys below, 
where they break to pieces, are deoranposed, and finally dia? 
solved into a mould of a deep block colour. On lifting np 
stones of the size of my fist, or lai^r, they appeared so soft 
to the toocht tbat X could easily reduce tham to powder be- 
tween my fingers. Towards the etnd of August^ I spent a few 
days cm the top of this mount^n (the highest in Switzu'land, 
wbj^« the traveller can be accommodated with lod^ngs^, with 
the view of making experiments. It was one of my objectii 
to observe the temperature of the ground in such an altitude. 
I hardly eiq>ected to accomplish this, as it was necessary to fix 
the thermometer in the ground to the depth of nearly one. 
foot, a thing quite impracticable on heights consisting of soUd 
rock. To my astonishment, on removing the snow, I oouldt 
with the greatest ease, penetrate the ground to the depth of 
several feet, where I discoyeced a mould so rich, and of a ooUw 
to intensely blade, that I would thiitk myself fortunate to hav« 
some of it in my garden. There, on the borders of eternal 
BBOW, we might jeai the most delicate garden-plmts, were it 
but possible to provide them with the necessary quantity of 
heat This Tsluable humus was evidently derived from tbt 
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docMupoaitioB of tha rtrata of the Uock Umeitoae mok, of 
irMcIi ih<b FaoUunn diiefly ocHuiats. 

Tbe moimtftiit-torrwt^ wliea swelled by a contionation of 
lafai, w "by the meltiBg of bdow, carry this fertile monld fixna 
tiiie sfowituii to the lowlancU. The B^elbach, one of the 
laigest, U that^ to such & d^ree witii this finely divided 
eaitii, that the water hu assaiaed s deep bladt ooloui, aad 
that it ownmTmicwtw thia tint to ano&er glacier stream, some- 
what the uie of onr Bteg,, which, on that account, has reoeived 
the muae oH 4he Black LUtdiine. 

The [HodiutiTe powers of this mould are displayed to advan- 
tage on taking the rather dangeioas route &om the Faulhom 
to the Giessbach, a celebrated water&U in the vicinity of the 
Lake of Brience. As soon as we pass into the region of forests, 
we encounter the most luxuriant vegetation, not surpassed by 
that of tropical countries. The tallest fir-trees are there 
crowded together, improving the soil by their decay, and 
thereby clearing a space for the growth of o&eis. The tra- 
veller forces hi« way with great difficulty throogh the shrubs, 
and across as ocean of the most delicious strawberries, rasp- 
berries, and bilbetrieB, &C. 

What enormous quantities of the most Irultful soil have 
been transferred from this mountain alone to the lowlands, 
through the ^pncy of the monntain-tOTrents f And this has 
been going on for centuries, and wilt continue for thcnuanda 
of years, until^ in the course of time, the whole CoIosbub, now 
at an elevation of 8200 feet above the level of the sea, shall 
have entirely disappeared. 

After snch reflections, we need no longer be astonished at 
tiie futility of the valley of the Bbine, for which it is indebted 
to Switzerland. What wcmder, if, by the accumulation of a 
fertile mould, which, for thousands of years, has been floating 
down the Bhine, entire countries, such as Holland, have, out 
of large plains covered by the sand of the sea, been converted 
into the most fruitful corn-fields and pasture-lands t Indeed 
the IHitch ought to pronounce the name of Switzerland with 
the greatest respect, for Holland owes its existence altogether 
to Switzerland. 

My fiiend, Von Dechen, has informed us, that the waters 
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of the RKine rose formerly to a much higher lev^ than at 
present. At that period, the river deposited a apeciea of 
earth of a yellowish-white colour, which bears the name of 
marl (in Cferman, Loaa). This earth may be seen to the right 
of the public road between B>emagen and Sinzig, extending in 
compact masses high on the nrighbonring hills. It occurs, 
moreover, on the road from Poppelsdorf to Typendorf. It is 
likewise a gifl of Switzerland ; though many tributaries of the 
Rhine, rising in the Schwarzwald, Overwald, &sc., oome in for 
a certain share. The vegetation between Bemagen and Sin- 
zig proves it to be a mould possessing strong productive 
powers, though inferior to that of the Faulhom and other 
mountains of Switzerland. 

II. Saltpetre. 

Chemical experiments have demonstrated, beyond all doubt, 
that sal^tre, a well-known salt, requires for its production 
the presence of animal remains. From time immemorial 
this salt has been procured from Egypt, the East Indies, &c. ; 
fun-merly in smaller quantities, but since the invention of gun- 
powder, of which it is the chief element, its importation has 
become very considerable. In those hot countries, the salt 
effloresces on the surface of the ground. The species of 
rock from which it is secreted, has recently been examined 
in the island of Ceylon, where saltpetre is of frequent occur- 
rence, and the result has shewn it to be a limestone con- 
tmning animal matter. Mariano de Bivero discovered, not 
many years ^o, immense quantities of a similar salt, the 
so-called cubic taltpetre, in the wilds of Atacama, a pro- 
vince belonging to Peru. The bed which it forms is over- 
topped by a thin coating of earth, and extends in one direc- 
tion for upwards of an hundred miles, in beds of variable 
thickness. There is not the least doubt that a multitude of 
animals found their grave in this quarter. 

How singular, that one race of animals was doomed to 
perish, in order to furnish, in such vast quantities, the mate- 
rials for the destmctaon of other races of animals ; and we 
grieve to think even for the slaughter of human beings when 
engaged in deadly warfare. But whatever may be the per- 
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nldouB effects of saltpetre when employed nnder the form of 
gunpowder, it is impossible to do without it in the present 
advanced state of society. The want of gunpowder would 
prevent us &om conducting loade through rocks and over large 
monntains, and Stom building tunnels for the use of railroads. 
Without saltpetre, chemistry, which bo powerfully iafluenees 
our trades and commerce, would scarcely have existence. 

After all these reflections, is there still need of asking, why 
were such multitodes of animals destined to live and to die 
before man could make his appearance on earth ? 

What a miserable doom, one might exclaim, was imposed 
on the extinct races of animals, to live merely in order to 
perish I Bat what other fate awaits the present race of ani- 
mals \ What difference is there between the sUughtered ox 
and those monstrous reptiles which, millions of years ago, were 
suffocated in mud p Merely this, that the flesh of the former 
is directly used for food, whilst that of the latter was fit- 
ted for our nourishment only after a series of metamor- 
phoses. I have remarked, in my last lecture, that nothing on 
earth exists for its own sake, but that every thii^ is created 
for the attainment of higher objects. Even man himself is 
but a link in the great ohiun of events. The moment he 
begins to care for nothing beyond his own eel^ he ceases to 
be a uaeiiil member of society. It is onr duty to employ our 
talents and our skill for the good of our fellow-creatures ; and, 
as regu^ the lower animals, we consider them bound to serve 
us with their physical strength, and with Uieir body. 

III. Water— its Effects. 
On casting another glance upon those long periods which 
my colleague, Mr Goldfuss, has so well described, we cannot 
but perceive, that when Divine Providence caused a vegeta- 
tion to spring up for the subsequent deposition of coal-beds, 
it was with the view of supplying us with fuel and the means 
of preparing our food. Nature made use of the then superfluous 
heat by expending it on the growth of a luacuriant vegetation, 
and afterwards of a vigorous animalization. This was a very 
vrise arrangement in the economy of nature. She, in order 
to store up a portion of the original heat for the benefit of the 
future race of man, buried, in the bowels of the earth, the 
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yrhfAe maafl of vegetables which had been reared hj the aid of 
a high temp^^tuie. A pious mifid cannot but feel de^ly 
Biored, CD. eontemplating the infinite irisdom and goodnem of 
tiie OeotoT, which ia manifoBted in the in»kB c£ nature. 
" O Lord," BO we may ezdaim with the Psalmist (Pb. ciT, 24), 
" how manifold are thy works ! in wisdom hast thon made 
them all : the eatth \s full of thy riohes." I hare tdready 
observed, that the temperature and the Waters of the sea 
have always been on the decrease since the period ehoraCter- 
ised by the growth of a monstious vegetation. What was 
the consequence 1 This decrease of the temperature and of 
the waters of the sea involved a decrease in the amount of 
vapours, which arise from the latter, and descend sgun, 
under the form of rain. In order to remedy this, and to 
restore the balance, it became necessary to ruse np diains of 
lofty mountains. 

■ It Lb a well-known fact, proved even by Oar hills, the 8ie- 
bengebli^, and the Slate Mountuns of the Rhine, that a greater 
quantity of moisture is condensed from the atmosphere by tlia 
action of monnt^ns, than by that of plains. 

We observe, that the doods are attracted by the mount^ns, 
that they disehai^'Upon them their contents, and give origin 
to springs, brooks, and rivers. It is said in the same Psalm, 
that the Lord sendeth the sprii^ into the vallfeys, whidi run 
among the hills. 

It Iras sufficient to raise the ch^n of the Alps in order to 
supply with water, through the medium of the largest streams, 
a considerable portion of Europe, — the south and west of Gler- 
many, the Netherlands, the south of France, the north of Italy, 
Hungary, and European Turkey. 

Those parts of the Alps which have been lifted above th« 
snow-line, became, of necessity, covered with eternal snow. 
There was nothing lost by this arrangement, thoi^h large 
tracts of country were thus rendered inaccessible to the growth 
of plants and animals ; for beyond a certain altitude there is 
an end to every species of organized products. Add to this, 
that on the other side of the Alps a large eittent of country, 
traversed by low ranges of hills, is well adapted for the growth 
of organized products. A fertile mould, covering the groouid 
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meroos flooks of cattle and goat* are seen to putore, became 
the reoalt of thosa mbtenuieone actum by which, natora hae 
(^lifted monntaiaB. Fertility waa gradaally ipread from die 
Alpa to the meet distant ocMntrisa of Europe. The heat en- 
gendered m the naiTOW and deeply indented Talleye <rf die 
Alps -would become intoterable, and forbid the growth of plants, 
enlesa the atmoephere were constantly cooled down by the 
neighbouring soxm and ke-Koantaiafr as dso by the ioe-oold 
watere of &e glaciers. 

In the same way as &e raperflucms heat of fermw iget has 
been, as it w«e, preeened by the coal-beds, the water which, 
dmmg winter, &lls down in the Asm of snow, is stored up in 
the Alps im the summer season, (^hciera descend from the 
highest parts of the Alps, which lie buried in erwhwtuig 
snow, into those regicms where the snow begins to mrit in 
anara^. At the same tnie thatthese riTers, which do not rise 
from the Alps or gkoiers, as, for instance, our Elbe, Oder, &&, 
are Bearly dried up during t&e suBUSiei m(»tIiB, the streams 
issniiig from the Alps, as, fi>r instance, the Rhine, the Danube, 
&e Rh<Hte, the Etoh, &e., amtinae to swell in prop<Htion as 
t^ heat increases ; fw the greatw the heat the larger will 
be tbe Ba^)Iy of water, formed by the melting of the snow 
and of the ice of the glaeiers. Nature has covered the Alps 
with eternal scow and ice ; but she aToided to do so with re- 
gard to tha inferior regions of lakes ^id of the sea, because 
^le int^idad them ibr the abode of organised beings. To 
wfantexpedinLt did Nature resort, in older to effect her objeet \ 
She fell apOD a ^try simple plan, but which appears, on that 
Hcooont, so much the more wonderful. 

All sabstances, both in the liquid and in the solid state, 
oootraet during the process of cooling ; and tbe more so the 
longer that process is carried on. We may observe this every 
day on the liquid mercury Gtmteined in the glass tube of oar 
thermometers. We perceive that the oeluaa oontracts when- 
evsr the cold increases. The th»mometer is th^ sidd to Ml. 
The contraction of water is, however, regulated by a law very 
different, and very peculiar. It is oartainly true that wrter 



D,g,t,.,.d.i.COOC^IC 



56 Oa the Terreitrial Arratiffemetitg connected mth 

cxmtmcts in propOTtion ae the cxM. increases ; but tlie instant 
that it has .cooled down as far as 39° Fah., it ceases to ccm- 
tract, — ^nsy, at a still lower temperatore, it begins again to 
expand, and continues to do so down to the freezing point. 
The power of expansion is so considerable, that the etnwgest 
metallic veseels, if completely filled with water, and closely 
shut, are seen to burst during the process of freezing. This 
power is indeed irresistible. I request you to keep this in 
remembrance, since I shall afterwards hare occasion to revert 
to this subject. 

Water diminishes in valame, and gains in spedfic gravity, 
in proportion as it continues to contract. Again, a heavier 
fluid sinks below that which is lighter, as may be witnessed 
on pouring water on oil. In the same way the heavier 
particles of water descend through those which are lighter, 
and the lighter ones rise through those which are heavier. 
What takes place in a lake, for instance, in our Laacher 
Lake, o;i the commencement of the winter's c<dd \ The 
sheet of water on the sur&ce being in immediate contact^ 
with the cold atmosph»e, begins to assume a lower tempera- 
ture. It contracts, beoomes heavier, and sinks down through 
the water below, which, being warmer and lighter, rises in its 
turn to the sur&ce. This movement continues, until the water 
which is uppermost has acquired the temperature of about 
39° Fah. ; its specific gravity is then at its maximum. Water 
of this temperature has, therefore, still a tendency to sink ; 
but it loses that tendency the moment that it cools down 
below 39° Fah. ; for now it begins again to expand, becomes 
lighter, and swims on the warmer water below, as oil swims 
on water. It follows from thie, that water of a temperature 
lower than 39° Fah., can never reach the bottom of tie lake. 
We have thus explained the mystery, why deep lakes can 
never be frozen to the bottom. The temperature of water, 
which occupies the lower regions of lakes, can never sink 
below 39° Fah. ; whence we infer that, at a certain depth, 
there exists a temperature of about 39° F., and this not only 
in winter, but likewise in summer. I have said likewise in 
Bummer, because it is obvious that water of the above tempe- 
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fature can neTer' be replaced by water of a bigbet tempera- 
ture, on account of the inferior weigbt oi tbe latter. Deep lakes 
exbibit, tberefore, tbis peculiarity, tbat beat cannot descend 
downvrardB, wbeteas cold may. But as it is impossible for water 
of an icy temperature to arrive at tbe bottom of the lake, it 
follows tbat the lake caunot be frozen to tbe bottom- 
Many experiments, made, for instance, in the lakes of Swit- 
zerland, prove the truth bf our theory. On examination, the 
temperature of their lower regions amounts at all seasons to 
from 41° Fah. to 43°.2 Fab. Tbe cause wby it was never exactly 
39° Fab., is attributable partly to tbe internal beat of the earth, 
partly to tbe circumstance that water of tbe temperature of 
89° Fab- never reaches the bottom without being mixed with 
some of the warmer particles through which it passes. This 
temperature of 41° Fah. or 43° Fah. is observed in all tbe lakes 
where tbat of the surrounding atmoephere sinks in winter at 
least as low as 39° Fab. It is common to aU tbe lakes <^ the 
northern and southern cotmtries of Europe ; as, for instance, 
to the lakes of Sweden, Norway, and Lower Germany, as well 
as to those of tbe Alps and of Italy. Hence it is intelligible 
why tbe same species of fish are found in lakes belonging to 
very di£f^rent climes. The unequal temperature of tbe atmo- 
sphere does not in tbe least a£fect them. The fish inhabiting 
the lakes in tbe north of Sweden swim about in their native 
element at a depth where tbe water has constantly tbe same 
temperature ; as is, for instance, observed in the I^ago di Como, 
although in winter the atmoephere frequently shows 20° or 30° 
below 32° F^., whilst in summer it rises here as many degrees 
above 32° Fab. It is only during the hot season that the fish 
betake themselves to tbe upper regions, in order to deposit 
their spawn. 

The same providential care which Nature has bestowed on 
the accommodation of the finny tribe is also discernible iu the 
manner in which she has attended to the comforts of quadru- 
peds. The organization of each particular class is strictly 
adapted to tbe climate and condition of the conntry assigned 
to it. The ice bear and tbe reindeer are confined to tbe polar 
regions ; the lion and tbe leopard to the torrid zone. Misery 
and deatb aw^t them should they venture beyond tbe bounds 
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ef their Bstive dime. Krcts, ths most aimMe of rS anii- 
huIb, ar« by- nataie allowed the most exteiuiTe range. The 
l^idg (rf paissge — as swallowB — too (telkate for the ieTerity of 
OUT winters, leave ns in aatumn, in search of wanOM' OMmtriesk 
Keptiles—as toads, Ikarde, serpents, be— not psorided vitli 
the means of eBC^>e, hide themsalTes in th« bo«on ^ tha 
earth, to protect themselves from Uie winter's ocAA. TlM ia- 
secta, which in ssmmer swarm about in such abundanco, perisk 
at &e commencement of winter, but their eggs and lama we 
preserved for the propagation of t^eir spsoies. How very dif- 
ferent &om this is the life of fish, allowed to traverse theij 
native elnnent at a depth where they mvf always enjoy Un 
Same nni£»m temperature. 

Suppose, now, dat the creation of water had berai left te 
otmelves— 8hc»t-si^ted beings as we are-.-withwhatproperties 
wonld we have endovred it P It wotdd never have occnrrcA to 
us, in the case of the contraetioii of water, to deviate from tha 
general law with regard to the eontnutitm of bodies. Lika 
other fluidfl, we would have made it to eentraot ta fa aa tha 
freesing poiBt. What wonld have been the cmteequeitee t bi 
one severe winter tiie besntiful lakes of the Alps, lud of -other 
(xranfrieB visited by frost, would have been frosen te tiie bot^ 
torn. The fish, and every other creatnre in them, would have 
died — a whole creation would have pmshed. Notiii^ is 
rdainer tln^n this; 

It is evident that lakes, no deeper than tie BJiine, will re- 
quire the same time for cooling down to ^2° F(A. The tempera- 
ture of tiiat river sinks to 32" Fah, a few days after ^ com- 
mencement of frost, when shoals of ice are seen to £oat about. 
For a series of winters I h^re been in the habit of examining the 
temperature of the Rhine at the time of incipient frost, wbui 
I have invariably foimdthat the Uiennonwter, ahhtn^ it stood 
several degrees above 33° Fah., Ml te the freeslng ptnitt upmi 
the weather eontinoii^ severe for tiiise days. Yon may meit» 
tiLc same obeerration, with less inconvenience to yourselves 
if you watdt ^e Bhone from your vrindews. Ma^ the day 
when the first ice is seen on the streets. On that dixj you will 
never perceive any ice floating on the Khine. This will, lunr* 
ever, be the casoiJlez a few ilays (^ sudden and intense fraaL 
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Bat it is not osly on the BBr&ce that tlie Rhine asfames tli* 
teffiperatnre of 32° FUi. ; it may be traced at whstever depth w» 
esaa&Ba it Seretal yean ago this suttter wm very carefnlly 
invefltigated at StraBborg. Water, drawn from different depths, 
i^wed the same temperature of 32° with that on the sor&ee. 
bi some plaoeB the Bhi»e is more than fifty feet deep^ 
TioB liver being fnsnt three days after the commencement of 
aerere firoet, it follows that a lake 1500 feet deep, for instmce 
t^ Lake of Geneva, will oool down to 82* in the oourse ai 
three montha ; so that the next moment it mqr be converted 
ijoto one stdid mass of ice. Gonsiderii^ that in the Alps, 
w4)ere tiie lakes ooeapy a mndi more elevated situation, the 
winter makes its appewsoiee in November, and frequently lasts 
till April at May, it is evident that sndi lakes will already be 
frosen to the bottom before the end of February. It is tone, 
that, in the succeeding summet, the ice would begin to melt 
on the snrbce, bnt that wotdd scarcely produce a sheet of 
water afevfeet deep; for, in order to melt a mass of ice 1500 
feet thick, it wotild require cor summer heat to continue with- 
out IntermisBion for many yrars. Such lakes would cease to 
deserve the a|^>dlation of lakes ; they would fi>r ever present 
one stdid mass of ice. 

6nch would hare been the fate of the magnificent lakes in 
Switseiland, in Upper Bavaria, and in Upper Italy ; vX the 
charming Lago Maggi<»e, of the Lago di Como, and others. 
Their fish would have been frozen to death, and tiieir shores 
stri^^ted of that matchless Imniriance of vegetation for which 
they are so remarkable. Steam-boats would have been out of 
the question, for the thin sheet of water obtained by tbe melt- 
ing of the upper crost of ice would scarcely admit of the use of 
flat canoes. 

Our beautifiil lakes in Northern Qermany, for instanco 
Aose of !&iutdenbui^ and Mecklenburg, and which are almost 
the only ornaments of those countries, would be visited by a 
rimHar mirfiMtune. We mig^ oertunly, iq> to the middle of 
ntmmer, unuse onr9d.ve8 with skating, and with ezcorsicms on 
sledges ; but dien the ice would mdt so slowly as to leave the 
kkes scarcely aceeseihle to the smallest boats. 
Bibw difffflWBt wotdd be. the aspect of countries if water had 
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not been endowed with the peculiar property of attaining its 
maximum density at about 39° Fah. In the contrary case, 
nothing would have been better, but everything so modi the 
worse ; and we ought, therefore, to give praise to our Creator, 
who, by such simple mease, has conferred on mankind such 
great and everlasting benefits. Job, the hero of that well- 
known ancient poem, seems to allude to this when he says, 
chap, xxxviii. 29, 30, " Out of whose womb came the ice t The 
waters are hid as with a stone, and the &ce of the deep is 
frozen." 

The atheist may object to this, and protest that the water 
received this property by a mere caprice of nature. But what 
right have we so to call that beautiful arrangement, whereby 
such important ends are accomplished T He who does not 
recognise therein the power and exceeding mercy of God, will 
never find it elsewhere. 

Let us now turn away from that picture of desolation, and once 
toore direct our attention to contemplate that wise arrangement 
by which such great things have been efiected. A continued 
frost is requisite, in order to reduce the temperature of deep 
lakes to 39" Fah. If the frost continues etill longer, a thin 
layer of water at the surface begins to undergo the pro- 
cess of freezing. The crust of ice that is forming slowly in- 
creases downwards, but, on the appearance of tiiav, its growth 
is immediately arrested. Under this cover .the fish con- 
tinue in a lively and active condition, because the region in 
which they move about preserves, winter and summer, the 
same temperature. A few warm days of spring are sufficient 
to melt the ice, and to destroy every trace of the winter. 

The time which is required in order to cool the lakes down 
to 39" Fah., and to continue that process on their surface, Is 
proportional to their depth. The freezing of deep lakes is, 
therefore, a very rare occurrence. It has happened but once 
within these fifty-four years, namely, in the year 1830, that 
the Lake of Constance was frozen over during the severe fr/)st 
in January and February. It was almost completely covered 
with ice, with the exception, however, of a small circle opposite 
to Frederichshafen, which, being exactly over the spot where 
it is deepest, presented an open space, scattered oyer with 
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ahoals o{ Boating ioe. Tlie greatest thicknesB of the ice was 
fiMind to be half a foot. Of course, a few warm days of sprmg 
were aafficient to reznore all traces of the ice. 

The sea presents relations very analogoas to ihose of lakes; 
Sut there is this difference, that the water of the former, 
owing to its salt condition, takes much longer time to &eeze 
than tiiai of the latter. 

I have stated before, that water expands in the act of &eez- 
ing, and that this power is irresistible. It follows &om this, 
that ice must be lighter than water ; for it is seen to swim on 
the latter. 

Here we have agun a proof of Divine wisdom; What would 
be the consequence if the ice had been heavier than water t 
That substance would sink to the bottom as soon as it is 
formed, a second layer would thus be deposited, and so on, 
until the whole bed of the Bhine was -filled with ice. An 
impenetrable and inmoTeaHe ice-wall would thus begin to 
overtop the water, cause the river to overflow, and to depo- 
sit fresh masses of ice. The ice-wall would then rise above 
the banks, occasicming the most fearful inundations, by which 
the whole country would be converted into one sosBa of deso- 
httion and misery. 

If it had pleased the^Almighty to ordain that ice should be 
heavier than water, one single severe winter would be suffi- 
^ent to destroy all our cities, and to lay waste all the adjacent 
districts of the Rhine. The beautiful valley, which extends 
along the wbde course of that river, fi:om Switzerland down 
'to HdJand, would present one entire wilderness. 

But do not ima^e that ice has been made lighter than 
water, merely in order to prevent ruin and desolation .' Nature 
intended thereby to confer on us the most signal and everlasting 
benefits. The whole coast extending from Holland to Russia 
is deficient in rocks. In that whole direction, not one single 
rock is to be seen. In order to remedy this evil, Nature fell 
' upon the following plan : At an eatly period of our earth, she 
hraded large ice islands with the rocks of Sweden. This was 
probably the same period when the mammoths and elephants 
were buried in the ice at the mouths of the river Lena. The 
ice islands landed on the coast of the Baltic, then stUl under 
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-water; tiufj dxrutei. tlumselTes of HbA Inudea, depoBitiog the 
Btonea In loealiliea «ib«ie they are qdw found ondw the name 
of erratic blocks, ocHuistlng chiefly of hrge j»eo«fl <tf gttadt#, 
f otj ^y tj, &a^ snd mployed £» dmontu^ ih* hridgee and 
jDMmama of B«rHn, as ilao £aff pwring the hi^vi^ sod public 
soadaof 'BmoAsnimrg. Ova eavaij^ytam «a the Babio enjoy 
the poasession of these abntea merely beeasK ice is lighter than 
miter. 

Yon inll lemember that I atated befom, that the es^iuLBive 
pover «f wtia, what ia tiia aat at fiwwwg, is iixeauttbla. 
Nature posseesea no gunpowder, for this is altngc^ic aa arth- 
fiotri prodnct ; b«ft aba adMmpIudws 1^ ■mier what we o&tam 
by file. I have already farought to your notice, how the rocka 
of ilie Fanlhom are hti^en to pieces by the action of freezing 
water. Nature pntpoefld ia conyert iiteril rocha and atow^ 
inlo B fruitful Toanid. Siia employed the wmple meant of a^ 
mibtuig vraiber into ^e ovenees, and of oaumg it to freeze. 
The ioe,lttBeY«iBgtherockfi, acta on the principle of a vredge. 
When it begine to melt, it aaaista in loofienJng the tocJeb, and 
in Bocderating ijbeix dilaiadatitm. This procew is xt$^at»A 
mttil. t^« atone w oompl^y reduced to day. 

I have now endeaToured to shew, that Nature is able to ao- 
-eomplidi peat thisga by aaaall laeana ; and I trust you will 
not dsfreciate the small means I have employed in order to 
amuse you, and to direct your atteotaon to a class of phenomena 
on wiuch you have had perhtqiB little occasion to reflect. It 
hefl feUen to ihe share of v&ry fowindiriduaU to perform great 
things by small hmuuj an ordinary mortal frequently aooom- 
pluhiflg but little by gnat meuia. But he ia contented with 
the teaHsjoay, that his laboura bare not been thrown away. 

ComlnHitHmt Award* EttabHthitis iia Gensrai Character ^ 
tiuiF<mmlPlmUti^1iiegmm^ii1»9ia, By Wiluam Kiita. 
Esq.. Onrator of the Museum of the Natural Bistgfy So- 
cietf flf Newcastle-on-Xyne, Sre. £C>jmwtwiqated by the 

<13ttttnHdfr«a ii«w MP or T^ nKTli. 

Hillterio«o-c^)ec!meiiB of tiie fenoa St^rOfatia bare been ntdekBowD) 

poasMiiDg clear ewl«aoeaa to tke natare of ita mob Id a few tnatAWX*, 
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tluBAigni'wid to licv0 bean found iLUwdwd totbeatemof thiiflMtt] 
but, with the cxo^tiDD 'of a Hsgle cms, -to b» alluded to pi^sestly, 
the wMtm/ daraettri wsn io imperfec^ diipUjed u to lender tb^ 
identttf witt theM of My kKAvn lbw3 ft Hutta ^ conplete'uDoertMiitr. 
The SigillaiUa found at Dixonfbld, ictiie excaTHtion of the MancheBter and 
BvlttXL SailwAj', ttuHi^ .dudjr dtewiag th«JBBotiaii «f the atttawiih 
the ito4 yeWfrwo the ftbeeiKw of lln Mfwite «liwsat«n, tite Iktto put 
tanaflt beidentifiad withMy ^the wi-BW Mn wfoawbi »TBa tbertMi 
it ia nuh * Btoto m to ihewj in no verf MtisbetB^ nwoner, ita kten^ 
with SigiUaria. Tha aorae mi^ be aaid af the Aaall which it doBcribed 
bj the Rev. Pstzi<A Btaewit», in api^atiWMlktameUiltgaf tb« Koyal 
Sune^ i>( fidinbtJ^, ia laiS. «^ pttUiriwd is tiie tnth fObHa of tiwir 
rnasMtioBs. Tha KiUiMKWortli i^^amaa damSMd bj Hi NioholM 
Woodtiatte&atndiHMtf^ " TnuuMitiDOB of the Kataml Hktorr 
SocMl^'Of ^rtbimbaidftnd, IDuAbi^, ud Newesitie-vpoii-TTM,* «id 
hjr lini^; and Huttan. in the finrt Yohuaa of the " Faaiil Ftea*," Ap- 
pears to have afforded cleaier evidence on thit point ; but, unfortuBAtaly , 
■oaia oaoae oc oth«r, ^e*eatMI it At the titia, being lUlowod up bo 
BflBiflata^ <u oouW ba wiahed. The Ai^BMiit l^nMd hj Hmo getttlo^ 
laei^MtAjaitianof tharootof Ihia Bpanimai^ iaaowin-thft Novcutf* 
Uneua ; -Aod it is a fhct not faaanllj ksoVBi llwt it ia bo otiur 1b»a * 
true JSltf^aria, 

Our attentian havli^ been dnwu to tba last genu, we will, in tha 
wzt place, MD&ie ounelm to the muB, with the viaw of Ascartaining 
whether or not its mnneMoii with Sifiiiaria, ab &TOund b^ Wood, 
lindl^, and Hutbni'f aoconxt of the Kiliingvorth fbaaii, can ba mp- 
fcaUd bj taj other endanee than mcb aa thaj baT« poUiBhed. 

With Mfarenee to the situatiiui which St^Btaria oconpitd Ut Hi* rager 
table huogdom, rarioua conjecturea have been fbrmedf Naw conwdwad 
tt A palm^ Schrank allied it to the Stapeliaa : Ton Sfartiua and St^»> 
heig thongM that it apprOAched to the Bupborbioi and ClAotuMar-<ai> 
amnion which Lindle; And Hutton leeni jnclined to Adt^; Biongniart 
at fiiat plAced U in "Areidem," aAenrarda he re&ned it to " Lytopodiiu 
tM*/' but, of late, he cofuiderB that it ought to be included in " a 
peculiar and extinct foniilf, belwging probablj to the Q7nmoq)eniioa8 
diTiaionof theDicotjledona :" BucUand, in his " Bridgewater Treatise,'' 
aeemB in &voar of its eaphorbiaceons aSnitieB ; but he adToncea the ofd- 
niott that it waa probably An aquAtia pkat, " tnuling in awAtnps, or 
floating in still and shijlow lakeB, like tha modem Stntiotea and 
laoetes :" Corda oonBideis it to be loore or teas coonected with " Crat- 
tulaetit" and " Cye<tdac«e ;" Qc^part eleTabaa it to tho nuik of ■ 
£uttily nnder the same SUffmanadm, and Ioo)u upon it aa coKuecting the 
L7C<:^>odi with the Cycasea: and Endlicher, in his " Enchiiidion," 
pUcei it in the order " Imoem" olats " Selaginti," which, in addition to 
the lAtter, ib made to include the Ljcopodt aod I^epidodendraiip. 

The '.earliest detsoled Account of Stigmaria waa given by tiia Aev. 
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Hei»7 Steinhauer,* who deicribed it under Martin's name " PhytoUtiau 
vemi«otia.'' He Bapposed it to have been a " cylindrical trunk or root 
ffTOViing in a direction nearb/ horiionial, in the mft toad, al tke bottom offrah- 
feaier lahtt or se&s, witbont branches, but sending out fibres on all 
rideB." 

The nest account of this fossil appeared in the "FossQ Flora,'' b; lond- 
leyand Hutton, who have expressed themselTea mnch in tbenmetermB 
BB Stdnhaaer, respecting its habitat and mode of vegetating ; but instead 
of a hranchlem cylindricid trunk, as Steinhauer supposed, their Tiew is, 
tiiat it bad a centre, in the form of a " continnous homogeneous cup or 
dune," from which " numerons arms proceeded on all sides.'' 

In connection with the spoiumen which has led to the foregoing opi- 
nion, and which . Messrs Lindley and Hntton hare figured in their 
" Fossil Flora," t a point must, in the next place, be considered, which, 
if not cleared up, will leave the question now entered upon completely 
inoonclusiTe, however cogent the arguments may be that ate to be 



' As the specimen itself has not been fully described, — and 08 it is fiw- 
tnnatelj preserved in the Newcastle Museum, though not exaotij in the 
■ante condidon as when first obtained, — the present opportunity may 
be emlaraced to state, that it is a convex mass of shale about tma teet 
Mid a-half in diameter, and fifteen inches high in the centre : the crown 
or central part, which may be reckoned two feet across, is evenly 
rounded, and the sides are channelled ; the whole of the crown is 
crowded with strongly marked wrinkles, which pass off into the chan- 
nels on the sides : in a few instances, a channel is occupied with a com- 
pressed branch, also composed of shale, uid encircled with a tiiin layer 
of coal — in this esse, the remains of a cuticle ; with this exception, the 
specimen is completely decorticated. It is necessary to observe, that 
the strong wrinkles of the crown become much finer as they pass off 
into the channels ; and that there is superadded to the latter a number 
of scars, which, as well as their accompanying wrinkles, are in every 
respect similar to those of fitigmaria : both characters were doubtlessly 
impressed by the outer snrfhce of the cuticle of the branches. After 
alluding to some other specimens which had been discovered in the roof 
of the Bensham seam in Jarrow colliery, one of which is described as 
■hewing a central concavity and fifteen arms proceeding from it, and 
consequently resembling the fossil represented in their thirty-first plate, 
figure 1, the authors of the "Fossil Flora," proceed to state, that the 
convex specimen " has detached itself from the roof, which none of the 
befbre-cilod instances did. This exhibits the same wrinkled appetur- 
ance, with indistinct circular spots, as the under side, described vol, i. 
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page 104 ; it has nine Mms, five of which subdivide into two branchea, 
at about eighteen inches from the centre of the fossil, and one at three 
feet ; in this, as in the other instance, they are sH broken off short." * 
But the branches — what connection have they with the specimen upon 
which thej rest ? This is a question that does not appear to have been 
Boffidently attended to when diawing up the description just quoted. 
From, the remark elsewhere made, that Siigraaxia was "of a jielding 
fleshy substance, with numerous arms, proceeding on all sides firom a 
central dome,"t one would be induced to suppose that the "arms'' ot 
the CDDvei specimen grew out from the margins of the " central por- 
tion." J cannot agree to this, because the specimen affords no evidence 
in support of it: on the contrary, nothing is more easy to prove, ttian, 
that the arms or branches had no other coniu^eiion with the ipteimen bat 
that of luperpocilion. The proving of this may he effected by simply 
removing the branches, when it will be seen that the markings on the 
channels are perfectly continuous with the wrinkles on the centra! por- 
tion : were it as is generally supposed, the wrinkled part would here 
and there display a fractured snrface, arising from the breaking off of 
the branches. 

From what has just been said, it is evident that the marking? on the 
central portion of the convex specimen have been produced in the same 
manner as the scars and wrinkles on the channels ; or, in other words, 
that they are merely impressions which have been derived from a super- 
imposed body : in short, it follows, that this specimen is nothing more 
than an indurated mass of mud, precisely similar to what must have 
occupied the hollow or under surfoce of the fossil represented in plato 
31, Gg. 2, of the" Fossil Flora;'' and, that the branches are portions of 
a Stigmaria which originally rested upon it, and which probably still 
remains fixed in the roof of the pit. 

The explanation which has been given, there is every reason to sup- 
pose, would not have been required, but for the fact, that the branches 
have undergone so much compression, ospeciallj at their upper extre- 
mity, as to produce the appearance aa if they had grown out from the 
sides of the specimen, and as if the markings on their upper surface 
were continuous with the wrinkles on the crown. I am fully per- 
suaded, it is entirely through this deceptive appearance that Lindley 
and Hutton have been led into the behef that Stigmaria had a dome- 
shaped centre, from which numerous arms proceeded on all sides. 
Agasaiz also appears to have been misled in the same manner.! 

Another point remains to be disposed of. From tbe "ideal vertical 
section," which is given in plate 31, figure 2, of the " Fossil Flora," it 
might be concluded that Stifftaaria had a rounded or convexly formed 
np pw surface The untenableness of this conclusion will, however, be 



• " Fossil Flora," vol. iL pretitce. pages liii. and xiv. 
t TrasaUtioD of the ■• Bridgen&ter Treatiis." 
TOli. XXZVII. NO. LXXIII. JULY 1844. 
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manifest from the fa^t, that, up to the present tjine — altbougli I hate 
now esamined eevend Bpecimens — I have not fallea in with one which 
exhibits the appec Burfiiee otherwise than truncated : further, wheu the 
centre of a Stigmaria has iiillen from the roof, a portion in the ahape c^ 
a stem, and answering to tiie truncated suria^, is often seen retaking 
in the Toof, and passing upwards.* 

The disposal of tlieso two points (and the; have, I am decidedly of 
opinion, been the greatest hinderanccs to the wort:ijig out of the true 
character of thb fossil), not only proves, that the prevmling opinion re~ 
({arding the form of Stit/maria is erroneous, but it leads to the inference, 
that what has hitherto been looked upon as the centre of this fossil, is in 
the form of a toot siflck deprived of its stem. 

All the specimens of Stigmaria which have been seen in a perfect 
condition, or nearly so, have their blanches running out in the manner 
of wide- spreading roots : this will be sufficiently evident by consulting 
figure 1, plate 31, of the " Fossil Flora." Besidea the specimen just 
referred to, several others are still to be seen Gxedin the roofs of several 
pits in this district. At Felling, a very large specimen occupies the roof 
of one of the galleries : it is impossible to ascertiuu its size, aa it passes 
into an unwoiked part of the mine : some of the branches, at a little dis- 
tance from their commencement, measure eighteen inches across in the 
compressed state. An idea may bo formed of the dimensioBS which sonis 
Stigmarias att^, from the statement communieated to nte by the head 
wasteman of FelUng pit, that he has traced the impressiou of a ungls 
branch for full fifty feet, without finding its terminations. I am quite 
disposed to credit this statement, for I myself have measured an im- 
preasioD of this fossil in the roof of Jarrow pit^ and succeeded in fol~ 
lowmg it for thirty feet, until it disappeared in a part where the work-, 
men had not carried on their operations. And, very lately, I fasTe. 
obtained for the Newcastle Museum, portions of three different speci- 
mens, equally conflrmatorj of the immense size which some StigmS' 
riaa attain. The first is a branch fifteen feet in length, rather flezuose>. 
and remarkably uniform in thickness, which is four inches. Tbs- 
second differs from the last in being singularly yet giaceftilly totr- 
tooUH, and in diminishing at one end to a mere film ; the opposite end 
appears to have been joined to the miun body of the fossil ; or, what ia 
more probable, this specimen may have been one of the o^eta of a 
dirided branch ; it is eleven feet long, and five inches in lliickness, at 
the latest end. The third consists of three Aircated branches, which 
have been broken off from the central stock ; the two ofi^sets of one of 
these furcated branches are respectively seven and two feet long, and 

• In gfluenl, tbese perpendknlsr atemi are so polished or BllckeDsidedi Ibat it 

is bnpoBaiblfl to identifj them with any koown fossil; Bjid nothing is more common 
than to see the surface of a so-called centre of Stigmaria aa amooth as glasi. The 
last Is called n " kettle bottom" b; tha minen. I would roggeat that this pbeno- 
menon has been produced by Ibe fossil offering aome reaistancfl to tbe Mmrvoas 
eomprssiion into which tha sorionndiDgg rock hasJjMn gobjected. 
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both are ttancated. This Bpecimen is b^ for the finest tiiat haa met 
been procured in tbls dUtriot ; and it ftppears, from tfa superficial d»- 
Mctera, to be Bpeeifleallj' distinct &oni Sligmaria fieaid^. These Bb»* 
laoten will be reTerted to in another part of this paper. 

All tbe specimens of Stigmaria nhich have been described as occur' 
riftg fai tlie pits of tins distritrt are in tKe roe/, and consequeutty only tbnr 
nnder side is exhibited. There is a verj Urge decorticated specimen, 
however, k) the Oaie Bum, about two miles liom Newcastle, having its 
tqipcv side exposed. When discorered, the part which aaswen to tbe 
tto«k or centre was risible ; and froM aS that I can aecert^n, both 
from the fragments etill remaining, and a sketch made at the time by 
Mr Albany Hancock, who was the first to make the specimen known, 
flns part was broken in suoh a manner as to indace the supposition that 
a stem had been originally attached tO it The ocly external character, 
which was displayed on the sux&ce of so much of the branches as was 
visible at the tinFo of tie discovery of this fossil, consisted of a nnmber 
of rude flutings, which character was the causa of some supposing it to 
be the branched apex of a Sigillaria: it was further supposed, that tbe 
stem had been destroyed or removed; had, that the apex, by some 
Means or other, had been OTerturned, and afterwards covered up with 
sediment — now an argillaceous sandstone. The complete absence of 
sears was also appealed to aa confirmatory of its belonging to the last- 
named ^nas, since decorticated specimens of Si^iilarin are occasionally 
to be met *ith, divested of this character. 

TMs allusion to the Ouee Burn fossil, makes it necessary for itte to 
iBcwGvn, that, o\& Maiy t%e 17th, 1S41, mid shortly after the Newc^tle 
Maseuift had become possessed of the earliest received Kortb Biddick 
ERgillaria, 1 read, at a meeting of the Natural History Society of Nor-' 
thumberland, Durham, and Newcastle-upoc-Tyne, a paper which ga:v9 
an account of the last specimen, utd which adverted to a characUr Oc- 
Gnrring on the uildei> side of its base, " apparently leading to t&e coA- 
dusion, that StigwulHa is tbe root of Siffillaria." 

The reading of this paper hAv'mg brought be^re M/Hotton, who *»rf 
pM«eilt, al question which had oftten occurred to him, he kindly drew nty 
tttfcnfiMi to the Ouee Burti fossil, as liKely to assist me in niy future re- 
■ettWhes. A few days afferwaiSis, we eiamined this fossil, when I be- 
oiUiie coB'^inCed that it Was not the branched apex of a Sigillaria, but 
the CBfitifal stock of ft Stigmaria. Mr fiutton having some doubts OH 
tbis poivt, btrt beings anitious to have it settled, he empowered me to 
eitaploy some workmen to lay bare ttie branches ; and, with his a^Cus- 
tomed liberaUty, he Went to considerable expense in the prOsecuSon of 
this object. Two of the branches were exposed for upwards of six feet, 
and both were seen to divide, and to dip into Ae rock at an angle of 40 
d«gi«ee to the line of stratification : the fiutings were observed to become 
more and more indistinct as they passed downwards ; bat still no scws- 
werevi^le. Thb was the result of out first inspection. I confess, tfaat at 
tins gbitt of the inqnky, tlie dbinioil I had G>nn«d woa ^most fbMakeik. 
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HoweTer, tbe idea occurred to me to examine tte tool wMch the work- 
men liad removed, especially those portions which had been in imme- 
dial« contact with the foasil : this immediately led to the discovery of 
the cuticle adhering to those portiona, in the condition of a rotten car- 
bonaceoQB layer, which, ob being removed, shewed the wrinkles and 
Bcara of Sligmaria, Not was this all; the appendages were seen to be 
Attached to whciever the scars were visible, and to penetrate the rock 
In regular directions. Thus, the evidences as to the fossil being a Stig- 
maria were conclusive ; and it may be added, that the running out of 
its branches, in the manner of wide-spreading roots, wag placed beyond 
dispute. 

The well-known appendages, so often seen attached to the branches 
of Stigmaria, have, in general, been looked upon as leaves. They are 
nearly always flattened ; occasionally, however, they are observed to 
be round, or, rather, vermicular — thus reminding one of the fibrils of the 
yellow water hly (Nuphar luiea) ; and there is little doubt, from the 
form of the scars which they leave when detached, that they Were of this 
form originally. A beautiful and instructive eiample, shewing the ap- 
pendages completely vermicular, has been figured by Sternberg.* 

Steinhauer says, he found traces of these appendages proceeding from 
a branch " in every direction, to the distance of 20 feet," — a statement 
which Lindley and Ilutton think hae originated through some error of 
observation, since tfaey hare never been able to trace them to a distance 
of more than 3 feet ; but, it would appear, from the researclies of Mr 
Logan, in the coal-mines of South Wales, that the length which Stein- 
hauer ^ves to the appendages is not at all exaggerated, — the former 
having " traced them ia a vertical direction, 7 or 8 feet from tbe stem, 
and more than 20 feet horizontally." t Vp to the present time, I hare 
never seen them exceed 18 inches. 

Artis in his " Antediluvian Fhytology," represents the appendages as 
forked.^ I cannot say whether this character has been observed by 
any other observer. Once I saw an appearance of the kind; but still I 
cannot urge it with any degree of confidence. 

One of the most important circumstances connected with the append- 
ages, is the regular manner in which they are arranged around the 
branch to which they are attached. Steinhauer appeals to this circum- 
stance as a proof that Stigmaria was a root which grew at the bottom of 
fresh water lakes, and which " shot out its fibres in every direction 
thrODgh the then yidding mud."§ The following extract from the 
" Fossil Flora" is to the same effect : — " The leaves also, which thickly 
■nrronnded the arms, could not, under any circumstances, even sup- 

• " Plors da Monde Primitif," Parts 5 sod 6, Tab. zv., 6g. 4. 
t Buckland'a Annlversar; Addreaa to the Geological Society, delivered Id 
IMl, v^ 34. 
i PlMe III. 
I " TrannctioDi of tba American Pbiloaepbical Bodety." N. 8., Vol. i., p S7S. 
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poBiDg them to bave been bard woodjBpiiie8(wliichfUBiiredl]'tbe]' were 
not), b&re taken tlie direction m wbich tre now find them, proceeding 
from tbe stem on aJl sidcd at right angles to its axis, and penetrailjng 
the sbale, even perpendicularly up and down to the extent of two or 
three feet at least ; had tbe plant been floated, the leaves, on the con- 
trary, must of necessity have been pressed upon the arms, surrounding 
which we should have found their remains in confused masses, and 
spread out irregularly by their side, in the plane of the surface on which 
the plant had finally reposed ; none of this, however, takes place ; but, 
on tbe contrary, when the ehale is split, go as to expose tbe sur&ce of 
the fossil, the leaves are seen proceeding with tbe greatest regularity, 
each from its separate tubercle — those only being distinct in the length 
and breadth, which, when in a growing sfat«, had been shot out in Uie 
plane which is now the cleavage fline of deposition] of the shale. From 
all these circumstances, we are compeUed to conclude that these Stig- 
tnaria were not floated from a distance, but that, on tbe contrary, they 
grew on the spots where we now find their remains, in the soft mud, 
most Ukely of still and shallow water."* Dr Buckland, however, hoi 
arrived at a dilfereot conclusion. He says, " All these are conditions 
which a plant habitually floating, with the leaves distended in every 
direction, would not cease to maintain when drifted to the bottom of an 
estuary, and there gradually surrounded by sediments of mud and 
Bilt."t These are conflicting inferenees, let us endeavour to aacort^ 
which is the true one. 

Tbe data which tbe " inteUigent observer," Steinhauer, has adduced, 
m support of bis opinion that Utigmaria " shot out its fibres in every 
direction tiirough tbe then yielding mud," may he received without the 
least hesitation, since they have been observed by too many witnesses to 
bedoubtedfora single moment. The dii^ram which Lindley and Hutton 
have given to represent the appendages " proceeding from the stem on 
all sides at right angles to its axis, and penetrating the shale even perpen- 
dicularly up and down," may occasionally be seen represented on hand 
specimens. I have lately obtained one of this kind, which is now in 
tiie Newcastle Museum : it is a forked branch resting upon a matrix of 
shale ; the last is made up of countless laminte, which there is little 
doubt were deposited horizontally ; both the forks ciu tbe laminte at an 
angle of twenty degrees. As this specimen is deprived of tbe super- 
imposed portion of its matrix, it is of course deficient in enabling us to 
trace the direction of the append^es which proceeded from its upper 
Bur&ce ; bat it furnishes us with positive evidence respecting tbe direct 
tion of those which passed from it« aides and under surikce. 



" Fomll Flora," Vol. ii, Prefaco, p. ivi. 

■■ Bridgewatsr Treatise," Tal. i., p. ill, foot ni 
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I bare ^dsHoured in tjie urnev^ B^eMi, to rapr^soit we of ^ 




faA» or brasc^ea (a) of this apedmen, nith its appendag:es (i) penetnting 
the lamiDEe(r;0.) The lateral sppend^esareDotiepreieiited; but it may 
be stated, that they run out in the wme plane u tliat of the branch— 
Uiua sgroeing with the diagram before mentioned. With TBBpect to 
tbe appendages whidi proceeded from the upper mrfiice, it may, I 
diink, be safely concluded from the ooncurreDt testimony of Steinhaner, 
Hutton, Logan, and others, as to the direction of similarly ratoated 
appendages fbund on other specimens of StigmaHa, when <n titv, that 
tbey passed upwards, and probably formed the same angle witii Iha 
IwancA as is made bj their analogues on 'die under suriace.. 

Reepectlng tiie question as to bon have the appendages become to 
regularly arranged in their matrix, which, jud^ng from the perfect 
parallelism of its constituent laminte, shews that no obatntotion pre- 
vuled dnring its deposition, — there can, I think, i>e onlj one oplnioo, 
which is, that the matrix was deposited in the first instance, and, that 
tiie appendages penetrated the latter, when it was in a yielding condi* 
tiou. To bring forward arguments in support of this opinion is clearly 
■uperfluoua, sinco it ia demonstrated by the simple fact of the laminee of 
deposition being so regularly arranged. Had the matriE been deposited 
upon or around the appendages, it is difficult to conceive any thing elsQ 
than that the laminn would have been exceeding^ irreg^UaT. Sut, admitting 
fcr a moment that SUgmaria was a floating jjant, nnder what oiicum.- 
Btances, I would ask, have the inferior appendages been aUe to pTeserra 
a downward, the lateral ones a horizontal, and the superior ones an up- 
zight direction ? The only way to account for these &cts, is to. si^pose 
Uiat the appendages were of the nature of spines, and attaag euoi^tt 
to hare retained ^eir original direction, had tlie plant become stranded 
or covered up with silt ; but against snch a supposition may bo urged 
the succulent nature of the appendages, as proved by their being com- 
posed, with the exception <rf a central bundle of spii^ veseele, ef « thin 
waUed cellular tissue,* and by their oceasionajly being found twi»ted 
uid matt«d together in Hie greatest confusion. Thus, no circumstonca 
can bo conceived to render, even probable, the opinion that Stigmaria was 
a floating plant ; but, on the contrary, every thing evinces the soond- 

* Ooeppart " Uber die Stigmaria elne neue Familie der Yorwcltlicbui 
PUtra," in Korstta and Von Dechen's Archives, xiv„ 1810. 

I. ,11,.,.. -.vCtxii^lc 
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neBB of Steinbauer's view, tiisit ifa appendages did in reality penetrate 
their matrix in the same wsj as root fibrils. 

Hanng proceeded tbuB far with our inquirj, we maj for a moment 
vtop to give a brief recapitulation of the roBults tliat have now been 
arrived at, aa to the charaetera of Stigmaria, and also, to consider the 
general corollary doduoible therefrom. These reBults are, 1j(, that Stiff- 
mari'ti posse as ed a centre, in the form of a root-etock deprived of its stem; 
2d, that its centre was furaiahed with branches, which ran out in the 
manner of wide-spreadmg roots ; and, 3d, that its branches were pro- 
vided witb ^pendages, which penetiated the matrix in which they are 
imbedded in the same way as root fibrils. AH these characters, there 
^an be no hesitation in saying, amount to acoin^te demonstration that 
SUffmaria fulfilled 3ie purpose of a root. 

We have now to consider the plajit to which this root belonged. 

The principal vegetable fossils of the coal-meaaurea in the shape of 
gtens, sre inelnded in the (bUowing list: — MegaphyUm, Ulodmdron, 
Lepidifd^tdTOn, Auracaria (?), some other Conifers, Canhpteric, Aitahathra, 
Bod Sigillaria. Widl one exception, the whole of these may be readily 
disposed ot Megaphyion is too r;ire to have belonged to a fossil so abun- 
dant as Stigmaria ; Caalopteru is generally admitted to belong to a differ- 
ent gronp of plants — the Vascular Cryptogams; LtpidodendraaitviVtitMt 
the ligneons cylinder of SUgmaria ; Uiodendron is probably in the same 
})Tedicament ; Awmearia (?) and the other Conifers have the walls of 
their woody tissne famished with discs instead of stripes, as in £'(1^- 
Dtorsi,- and AnalmtAra, althongh it offers a considerable approximation 
4o SUgmaria in the character of its ligneous tissue, its extreme scarcity 
|>IaCeB it in the same category as Megaphyton. SigiUaria only remuns to 
be considered, and this may he done by giving a synopsis of parallelisms 
between it and Stigmaria in the first instance, and then to enter aome- 
wbat into detail respecting some other points of agreement. 

SigiUaria Stigmaria 

is rootedinbeda<tf tiiecoal-forma- vegetated in beds of the coal-fob- 

tioD, as proved by tbe Diion- nation; 

fold. Bailing worth, and Korth 

Kddick specimens : 

poBBesaes enormous roots, as shewn is of enormous size : 

by the Dixon-fold fossils : 

is one of tbe most abundant stems abomidt in the coal'formation c 

of the coal-formation : 

assesses a ligneons cylinder, the possesses a ligneous cylinder, the 

tiBsue of which is marked with tissue of which is marked with 

stripes, and arranged in radiating stripes, and arranged in radiating 

is Aimished with forked root is furnished with forked branches, 
branches, as shewn by the Dixon- 
fold specimens. 
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TbeM poiata of a^eement between the «tem SigHtaria and the root 
St^tnaria cannot but give rise to tlie soBplcion, that they are the parta 
HO named of one and tbe same plant. 

The examination of tbe Ouae Bum fosBtl brought to light a chaiacter 
which, until then, was not generailj known as belongbg to Stigmaria, 
I alhide to the rude flutings. The Newcastle Museum contains aeTeral 
specimens displaying the same character. One of these ahewa the exter- 
nal aur&ce of the cuticle omament«d with a number of scars ; but the 
latter are only seen ou the median part of the ribe — the furrows being, 
like those of SigiUaria, entirely without them : the wide difference be- 
tween this specimen, and those usually met with, led some to suppose 
that it belonged to an undescribed genus. It was its fluted character 
that caused me to maintun that the Ouse Bum fossil was a Stigmaria. 

It will be recollected, when the North Biddiek stems were described, 
that the ribs at their base were stated to be nearly obsolete. Now, &e 
rude flutings of Stigmana have very much the aspect of these obsolete 
ribs — the only difference being, that the former are not so regular ; the 
resemblance, however, is ao striking as, of itself, to suggest the opinion 
that Sligmaria is nothing more than the root of Stgillaria ; bi)t, consider^ 
ing that the rude flutings, and the nearly obsolete ribs are on those parte 
where it may be supposed the two fossils were joined, and consequently 
where the former passed into the latter, it would appear that this opinion 
is so far rendered eitremely probable. If the Diion-fold specimens have 
tbe surface of the upper portion of their roots rudely fluted, it would 
follow that at this stage of our inquiries the question was completely 
settled. I have not seen the Diuon-fold Sigillarias myself, but Mr Mor- 
ris, who has, and who has also examined the fluted Stigmarias in the 
Newcastle Museum, has assured me, that the flutings on the base of 
some of the former closely resemble the same character on the latter. 
The account which Mr Hawkshaw has published of the Diion-fold 
specimens would eien incUne one to test satisfied on this point ; for, be 
says, near tbe root of one (No. 5.) a coaly euTelope remains, about 
three-fburths of an inch in thickness, having "its surtace marked elightlj 
with longitudinal iiirrows, but tbey are very irregular in distance and 
direction."* 

The two specimens of Siyillaria from North fiiddick, as they now 
stand in the Newcastle Museum, shew no indications of root^hranchee ; 
but on some portions ichich formed the root^stock of one, and which it 
has been deemed necessary to preserve separately, there is a decided 
appearance, not only of marginal branches, bjit also of others originating 
inwardly to tbe latter. The branches are unfortunately broken ofl', or 
truncated, almost at their commencement ; what rem^s is, however, of 
considerable value in our inquiries. 
It is well known that tbe cuticle of Siiffmaria is more or less wrinkled, 

■ T^^■w^tionBoftlleQeolt^[lcal Society. Second Seriek Part TL p. 171, 
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«Dd tliat the wriaUes run in flexuose lines. With the exception of thoie 
ports firom whicb the root branches have been broken off, the whole of 
the nnder aur&ce of the root-stock mentioned in the lost pwragraph 
IB crowded with flexuote wrinkles, which in no reipect difibr from 
those of Stigmaria.* There are certainl; none of tlie scan so coni- 
monly seen associated with the wrinkles of Stigniaria ; bat their absence 
on the under sorface of the root-stock of the North Kddick Si^laiin 
will be readilj explained hj the &et, that the correepoading port of the 
former is equally divested of scars. As bearing upon the last point, it 
requires to be mentioned, that the Stigmaria, Rgured in PI. 31, fig. 2. of 

* IdlBOOTSTsd thewriDkl«8 0Tt the under surface of tbe root of tbe North Bid- 
dick SltOktrlti a few dajri after It waa depoeited in the Newoaatls Hoienm ; at 
the same time, 1 wm itruck with tlieir resemblanee to those of Stigwmria i I wu 
tluis led to suspect that the ons plant might be tlie root of the other : the biglily 
problematical nature of the last SmbII had also conuderabte share In eliciting 
tSuB Buspiciun. 1 was Iben preparing a abort paper descriptive of the North 
Biddick fossil, to be read at ttie next meeliag of the Soeiet? ; so I resolved on 
making this the vehicle of my nupicion, and to emiiody in it all the argnments I 
was master of in support of the same. This paper was read Ha; IT. 1S41. On re- 
ferring to it at the present moment, I find, bendea the abore-mentioned pidnt of 
agreement, that the Act of the. appendages of Stigmaria liaring penetnted their 
matrix was strongly inaisted upon : there were also some vague alluaioni to the 
conyei specimen in tbe Musenm, answering to the nnder surfoca or hallow of a 
root : nothing waa said .of the analog; between the rude flntings of SUgmaria and 
those on the base of Slgiltaria, although, at that time, I waa acquaieted with this 
cbaracter occurring on tbe former ; indeed, as remarked in tbe text, the rede 
flutings formed one of my chief arguments for ir.Bialaliiing that the Ousa Bum 
fossil waa a Stigmaria. When I became acqu^oted with the laat specimen, I was 
Id posMMian of dearer views respecting the convex foaall, and I had also read tbe 
acconntsof the KilUngworlh specimen; these circQiDBtances, and the fluted charac- 
ter of Siigmaiia, strongly fortified me la my opinion. Shortly after It was settled 
that the Onse Bum foaail was a Stigmaria, Mr Hntton very kindly lent me his 
copy of Brongniart's " Observations on the .inlern^l structure of SiglOaria tltgam, 
&«.," and I WM delighted to find that Syiilaria and S/ywario agreed so closely in 
Uieir internal structure, and that Broncmiart himself, from this droumatanci!, and 
the creeping habit of tha laLier, h^ hteu led to sudpaot that the one was nothing 
more than the root of the former. From that time to May 1843, I was more or 
less engaged in working out this question ; and at tha date just mentioned, I com- 
menced the reading of a paper (then ia a nearly finished state), substantially the 
■ame as tlie one now in course of publication. In order, that every one sbould 
have liiB due share of crei^t who has anticipated tbe view which is now 
being advocated, the name of Fr^ifessor Lindlay must not be overlooked ; in tha 
article " Coal Hants," of the Fenny Cyclopgedia, written in 1386 or 1S3T, he 
asks, " is it quite impossible that Sigiltarias and Stigmarias are both the tame 
thing; the former being the stem, tbe latter the roote I'' after which, he very 
briedy refbrs to tlie root branch, and base of the stem of the Eillingworth fossil, 
figured in PI. 64, " Fossil Flora" to, as the reader might compare them with 
the Stigmaria represented In Fl. 31, fig. S (Qu. ig. 1.?) of the same work 
(ipril 1844.) 
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the " Fossil Fl<»a/' (Vol. i.) baud toliKTe Iiad the whale of ita nnd» 
mi&ce " digtinctly coTBKd with wrinklea, which, when attentively 
exuuioed, we Been to be caused by depreroed semicirctdar spots, coui' 
paetly amDged in a spiral manner, in the centre of which is a nmndisll 
■ear, to which a fine coaly matter usually adheres :" fiirther, the conrM 
^lecimeD, described in the preface of the second Tohune, is stated fi> 
exhibit " the same wrinkled appearance, witb indistinet circular spots," 
a» the lasL As I have ooly seen the dome-shaped specimen, I can, of 
course, only speak with reference to it, and I shall do so with the Tiew 
of prerenting the supposition arising, that the "indistinct circnlarapoti'' 
are such as to shew, that the conrezit j of the last fossil, and the c o neaTi^ 
of the North Biddick SigiUaria, exhibit totally dififeftnt chaMeters. It 
is necessary, however, to retnaA, in the first instuice, that as the oonrex 
specimen is merely an impression of the outer snrface of the cuticle of a 
root, it ia obvious, a knowledge of the character which this sur&ce dJS' 
played would materially assist us in our immediate object Influenced 
hy this oonsideratiouj I took a plaster east of the crown of the spe^d' 
men ; by this means I succeeded in obtMning mi exact copy of the 
eur&ce of the cuticle, which copy dbplayed a character strikingly re- 
sembling — though on a smaller scale — the elongated loxenge-shaped rifts 
charaeteristio of the bark of some of our forest trees, especially the ash 
(Fraxirvai excelrior.) 

As to the scars-— 'that is, such as have resulted from the falling off of the 
fibrils, not a single one was visible ; they were, in foct, only seen where 
the branches had left their impression on the channels. The absence of 
the rifted character on Hie under surhce of the root of the North Bid- 
dick Sigillaria, and its presence on the same part of the root which pro. 
duced the convex specimen, seems to be due simply to a lUffereDce of 
age, and to a rifting of the cuticle of the last example, through an in- 
create of the tissaes which this cuticle originally enclosed ; at least, such 
are the apparent causes of the disparity between the bark of old and 
young individuals of the ash ; and there appears to he no reason why 
the same causes have oot operated in producing the like differenoa 
noticed in the fossils. 

There yet remains aooUier point to be mentioned in favotir of Stiff' 
tntaia being the root of Sigillaria. As previously remarked, the charac- 
ter which has just been concluded is only to be seen on the root-stock 
ofone of the North Bid^ck spedmens. The root-stock ofthe other has 
aHao been preserved separately ; but instead of its under surface dis^ 
playing any wrinkles, there are visible two stroogly-marked furrows, 
which cross each other in the centre, and at right angles, and which dis- 
appear at the margin : this diflbrence is probably due to both fossils 
boug pieaerred under different circumstances. I have observed similai 
farrows on the under side of a root-stock of a st«m — ^>pt(TentIy of a S^il- 
larit^ belonging to Wm. J. Charlton, Esq. of Hesleyside. Now, on ex- 
Aminieg the crown of the dome-shaped specimen, — which, it must he 
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remembered, bu been proved to be merely the iDdoTa-ted mud whiob 
oocnpied the hollow or ander Hur&ce of a root, — there are actually dii- 
played two Btrongly-marked ridgei, croHBiDg each otiier precisely under 
tko same eircuHutoncei aa tbe fvmva of tbe aforementioned Stgillariao. 
It will doubtlesdy occur to many, that these fantswi ase analogooi to 
liioae nau^y ieen (« the under aurflM^e of tbe branches of Stij/maria, 
and that tbey hare been (wodnced in the same manner, — that ia, by the 
fettling down of tke lipied- vascular cylinder after the deetruotion of the 
eoreloping and less esduring eeUolar tiasne. According to this vieir, 
;fte iiit«rseeting fiirrows on tbe fossil root-stocks, will have resolted 
from tbe ligneo-vascular cylinder of Ibe stem dividing itself into four 
fiarts ; and these divitdons striking off into tiie root-brandies, at right 
angles to «adi oflier: a cirenmatance of this kind, it is conceived, would 
ffv^ rise to that appeanmee of crosung each other which the fuirows 
present. 

I caoDot coBclode tbe preseot inquiry mere appropriately than by 
^oting a portion of Mr N. Wood's description of the KiUingwortli Si< 
gUlaria,— obsOTving, in the first place, that the specimen, which appears 
to have been about 10 feet in height, was diseovered wi A several othen, 
ia a nearly vertieal position, and evidently rooted in a thin bed of argillo- 
bituminona shale, overlying a workable aeam of co^ : " The lower part 
or base of the tree waa about two feet in diameter, ftattening out consider- 
ably at tbe bottom ; tJiis part was so much broken that it could not be 
procnred ; but tfce bed of it, with liie roots proceeding &om it, was most 
i<;learly seen tm tiiu. The roots could be traced for about four feet &om 
tbo stem, penetrating the shale ; but the compact nature of the shale pre- 
Tentod na from obtaining specimens, when the thickness of tite roots 
diminiahed ; but they ware seen running into the shale composed of the 
■ame kind of sandstone, thouj^ a little more iadunted, 'uatil they were 
leaa than an inch tiiiok. • * * * The roots were not numeroua, 
but ran into the shale quite parallel with the incbnation of the beds, and 
spread out firam all the difTercnt sides of the fossil."* To i^ia account, 
jt is necesaary to add, that the specimens themaelTea of tie divided root 
toaneh, aad fte stem, wfiich are figured in Mr Woo<f s paper, are at 
present in the Neweutl^ Museum ; tite root-bntnch ia decidedly aStig- 
maria, and the stem appeart to be a ^gillaria. 

Thus, bearing in mmd 3iat Stigmaria has been proved to have been a 
root ; and, considering the tendency of the evidences latterly adduced, 
jt now seems to be all but demonstrated, Ifiat tltia loaail was the root of 



(To b» eon^adtd fl» tmr Jtmna/rf SwrnStr.") 



• Inuuactions of the Natonl HitbH? Bodel? of Norlhuoiberlud, Duitaia. 
moA Newcaitle-Dpoii-TyDe, ToL i., p. 310. 
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On the Action of Yellow lAght in produciry the Green Colour, 
and Indigo hitjht the Movementt of Plants, By D. P. 
Gardneb, M.D., Cor. Memb. Lye. Nat. Hiat. New York. 

1. The object of this paper is to prove the existence of dif- 
ferent properties in the rays of the spectrum, in their action 
on vegetables ; and more especially to shew that the rays 
which produce the green colour of plants, are altogether dis- 
similar from those which influence their movements towards 
light, the colour being developed by the less refrangible rays, 
and chiefly by the yellow; whereas, the motion is influenced 
by indigo light. The discussion of the subject will be divided 
under three heads : 

1. On the production of chlorophyl by yellow light. 

2. On the movements of plants towards indigo light. 

3. Some application of these facts to vegetable physiology. 

1. On the production of chlorophyl by yellow light. 

(2.) It is a fundamental fact in botany, that light is neces- 
sary to the formation of chlorophyl. Von Humboldt adduced 
certain exceptions ia this law, in the case of plants found in 
the mines of Freyberg, and, with Senebier, ascribed the green 
matter to the action of hydrogen gas. But the experiments of 
the latter fiuled in the hands of De Candolle, and a series in- 
stituted by myself, and conducted with great care, were equal- 
ly unsuccessful. On the other hand, Humboldt succeeded in 
greening a plant of Lepidium aativum, raised in darkness, by 
the light of two lamps, and De Candolle obtained the same 
result with six Argand lamps. 

(3.) The investigation has been subsequently confined to 
the name of the ray which produces chlorophyl.* Formerly 

* Ckloropbjl, the greeo matter of leaves. It \a ingoluble in water, 
but soluble in ether and alcohol. The ultimate analysis has not been 
made ; but cbemists agree that it is of the nature of wax. The yellow 
colour of autumnal foliage ii due to a similar yellow wax, called Xan- 
tbophf], supposed to be produced hj the action of &ost on the former 
cubstance. 
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it was tacitly admitted, on the authority of Senehier, that the 
chemical, or blue ray, -was moat active. Professor Morren 
(Annal. des Scien. Nat., Oct. 1832) ascribed it to the luminous 
colours, more especially the rays which had passed through 
bright yellow and orange glasses. Dr Daubeny (Phil. Trans. 
1836) in his valuable researches, arrived at the same couclu- 
sion. The next investigator, Dr Draper (Jour. Franklin 
Inst. 1837) obtained better results in yellow than blue light. 
Mr Hunt, in 1840 (Loud, and Edin. Phil. Mag. April), re- 
sumed the question, and published the most decided results 
(p. 272), to the effect, that blue light alone causes the green 
colour of plants, and that the yellow and red rays, " destroy 
the vital principle in the seed.'" In 1841, he was one of a 
committee appointed by the British Assodation, to report on 
this subject, and in a subsequent conversation at the late meet- 
iug of ^lat body, has repeated his statements. Being the last 
writer, his results have given a prominence to the doctrine, 
that chlorophyl is produced by the blue rays, so as to mislead 
Professor Johnston in his agricultural lectures, and Professor 
Graham (Chemistry, p. 1013). 

(4.) In September 1840, I repeated Mr Hunt's experi- 
ments in Virginia, and obtained dissimilar results. A known 
number of turnip seeds were sown, and every grain germinat- 
ed in the yellow and red rays. The greenest plants were 
found in yellow light. Every condition was fevourable, and 
the results well characterised, but my reason for deferring the 
publication arose from a conviction that the use of solutions 
and coloured glasses was objectionable, and that no perfect re- 
sultt could be obtained except with the spectrum. Plants ex- 
posed to-light which has permeated cobalt glass, are not placed, 
in blue rays, but in red, yellow, green, blue, indigo, and violet, 
in proportions differing with the tone of colour, and thickness 
of the material. The effect may therefore be produced by any 
of these rays, or by their peculiar combination. (See Sir J. 
F. W. Herschel's paper in the Philosophical Transactions for 
1840, p. 24, on " The combined action of rays of different de- 
grees of refirangibility.") 

(5.) I shall not attempt to explain the discrepancy between 
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my TCBtilta and those of Mr Hunt, for I do not esteem re- 
Bearchee such as all the foregoing, made with coloured media, 
of any ralue in thia branch of Tegetable physiology. It is well 
to remark, however, that in treating of the germination of 
cress seed behind the blue, green, yellow, and red media, he 
states, " that the earth continued dat^ under the green and 
blue fiidda, whereas it rapidly dried under the gelloJB and red" 
(p. 271). This difference would by tnoBt persons hate been 
considered sufficient to retard or " destroy" ? germination. 

(6.) Other engagements in 1842 interfered with my design 
of ezaminii^ this question with the spectrum ; and it was not 
until July 1843, that such arrangements were made as are ne- 
cessary to the i^osecution of the anbject. 

(7.) The apparattu. A beam of the sun's light was direct- 
ed by a h^ostat placed outside my window, along a square 
tabe of wood, passing through the shutter. The inner extre* 
mity of the tube was closed, and contained near its end a flint 
glass equilateral prism, one inch on the aids and six inches 
long, with the axis adjusted perpendicularly. The di^wrsed 
light passed into the chamber through an aperture in the side 
o( the tube. All that portion of the beam which exceeded 
the breadth of the prism was cut off by a diaphragm. Tb« 
object of these arrangements was to reiser the room darlc 
The experimente were performed in Virginia, in lat. 37° 10' 
N.f and continued from July 6 to October X, during a seaMO 
itf unusual brilliancy and temperature. 

(8.) ^rrangementa for the experimenu. Seedlings of tof- 
nips, radish, mustard, pease, several varieties of beans, peas, «a& 
the £^wing transplanted specimens, were used, Solcmant ni' 
ffmrn, 8. Yirginianum; Plante^o major, P. mimor; Palygtmum 
kj/dropqier ;. Chenopodium rubrurn ; Bumex o6t«gifoliug. They 
were placed in boxes with partitions, or planted in jars, an^ 
grew in dai^ness until ready for experiment, so liat they ac- 
quired a yellow colour. The number of plants expos^ fy 
each ray averaged one hundred, wheH the smaller seeds were 
used, and the result indicated was obtained by a oomparisotf 
of the whole. The age of seedlings is a matter of moment f 
t hoi a which ar« young, imd hom cme inch to one inch and 
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threQ-fouiihs high, ia the caae of tnmips, were most BeiuitiTe; 
indeed these plants were foimd to give the best results, and 
V6t« used almost exclusively after the first month. 

The spectrum was allowed to &U on the specimens at a dia- 
ttnoe of fifteen feet from the prism, and undeaHDposed l^^t 
shut out by screens. Each ray acted in a separate compart- 
ment, unless othetwiBe stated. 

(9.) The following extract oi an experiment, will shew 
some farther detuls : — 

" Augwt 13. — ^Five jars, containing each about one hmtdred 
tvmip aeedlings, were plaoed respectirely in the orange, yel- 
low, blue, indigo, and violet rays, at 9 h. A.U. Day hri^t ; tem- 
perature in shade at noim 80° Fah., in the sun 95*. Duration 
of sunshine t>4 hours. Result at 3| P.M. The third column 
of the table shews the altitude of the plants at the oommence- 
ment of the observation : 



Ju. 


Light. 


Height >t 8 Hour,. 


Buolt. 


Ord». 




Onnge. 
Yellow. 
Blue. 
Indigo. 


inch. 


Graan. 
FnllOreeD. 

Ydlow. 


2 

1 






" August 14. — The same plants, with the addition of a fresh 
crop (6) in the green ray. Exposure from 9 a.m. to 3 p.m., or 
six hours suntJiine. Temperature in shade at noon 85° Fab. 
and 105° in the sun. Sesult at 3 p.m. 



]». 


Light. 


Height n » Honn. 


Re.ult. 


Order. 




Orange. 

YaUow. 

Blue. 

Indigo. 

Tiolet 

ereen. 


a !!. 


Full Orean. 
Faribet &rt«i. 
Blight Green. 
YeHow. 
Tallow. 
Fair Oraan. 


2 
I 
4 


3 



The leaves of 1 and 2 were developed. Experiment coa- 
chided after 30 hours, of which 12^ were sunshine, and 17^ 

* The flftli column contaliu a compai&dve eaUmate of the depth of 
eolouij aMnmiug onitj of the highest value ; oo this scale the plant in bine 
light did not become graon, and the value is negative, but there was m 
vimbie altaiatMMi.designated olive, and indicating the tint which vegetablea 
asauBS in pasuug from tfie y ellow colour of darknew b> green. 
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darkness. The greater altitude of the plants in the indigo 
and violet rays, a feet discovered by Morren, is due probably 
to the slowness of exhalation by vegetables in those colours, 
an effect not of light, but of heat. In this observation, no re- 
sult whatsoever was produced on the original yellow colour of 
the seedlings in the indigo and violet rays. 

(10). The ensuing table conteins the comparaUe points of 
six similar experiments. The 1st column gives the number of 
the observation ; the 2d, the plants used ; the 3d, the number 
of hours of sunshine ; the 4th, the whole duration of the ex- 
periment; and from the 5th to the 13th column, the rays of 
the spectrum ; the figures in the last spaces indicate only the 
order of colour in the particular observation. The sign of 
minus is introduced whenever the effect of the ray was not 
tested, or the result was defective. 

Table, eketcing the Active and Inactive Bags of Ike Spectrum, 
in producing the Green Colour of Plants. 





Turnips. 


3St 


109 


4 


2 


1 


3 
















Beuis, &£. 


U 


9S 




2 


1 


3 













Tornip*. Sic 


s 


69 




2 


1 


3 












Tumip.. 


23 


101 








1 














Tnmipi. 


17S 


62 




T 


T 


3 


4 













Turnip.. 


B'6 


a 


±_ 


2 


1 


3 















In experiment 5, the blue ray produced a green colour, but 
the usual effect was a l^ht olive. The indigo, violet, and 
lavender portions were always inactive, although several ob- 
servations were continued until the plants faded. 

(11.) Under fevourable circumstances it requires a long ex- 
posure to develope chlorophyl. The shortest period I wit- 
nessed was in a crop of turnip seedlings, which required two 
hours in the centre of the yellow rays, but frequently six or 
more hours were necessary. In the full sunshine of Virginia, 
it requires more than one hour to produce the same effect. 

The colour acquired is not fugitive. It has been observed 
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scarcely changed after seventy-two hours' darkness, in turnips, 
and seven days in beans. Plants &om the field preserve their 
colour sometimes for weeks, but finally become yellow. 

(12.) The &ct established by these experiments is, that the 
less refrangible rays are most active in producing the green 
colour of plants. It is not stated that the blue, &c. rays will 
not effect this change in time, but that they are remarkably 
inactive. 

(13.) The wuKtimum action is in tfelton) light. Fot the pur- 
pose of obtaining a measure of the comparative activity of each 
ray, the following experiment was made. The spectrum of a 
circular beam of light, three-fourths of an inch in diameteri 
was received upon a double convex lens of three feet focus, 
placed near the prism. The dispersed rays passed through a 
chink of one-fourth of an inch, into a camera, and each fell 
into a separate compartment containing a few turnip seedlings, 
situated near the focus of the ray. The place of the extreme 
red and central yellow rays was determined through cobalt- 
glass, and the whole spectrum divided into the spaces given 
by Fraunhofer, for the width of each colour. The arrange- 
ment being carefully adjusted, the plants were examined at 
intervals, by allowing a little diffused light to fail upon them, 
sod excluding the spectrum ; in this way the number of hours 
was obtained in which a ^ven rsy produced a certain effect. 
The depth of green colour was estimated by carefully compar- 
ing the plants with a selected specimen ; in this way 1 was 
assisted by a iriend, whose eye is well skilled in distinguishing 
between shade, of colour. 

(14.) The best result gave for the yellow 3^ hours, the 
orange 4^ hours, and the green ray 6 hours ; the plants were 
selected from the centre of each group, and all the measures 
obtained on the same day, during uninterrupted sUnshine. 
The experiment was continued until 17^ hours of sunlight 
had acted upon the seedlings in the blue space, which then 
acquired a tint, estimated at one half that of the test. In 
another observation, -the indigo, violet, and lavender of Sir 
John Herschel produced no effect in 23 hours. 

(15.) From those experiments, I conclude that the centre 
of the geltofv rag is the point of maximum ^ect in the pro- 
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duction of cUorophyl ; and that the action diminishes on eiiibeT 
side, to the termination of the mean red and blue. 

(16.) In this stage of the subject an interesting qaestion. 
sn^ests itself — Is the active agent light I Bome form of chemi- 
cal ray ] or heat \ 

To discover whether it was due to Tithonicity,* I placed a 
crop of turnip seedlings in a box, illuminated exclusively with 
light, which had traversed a solution of bichromate of potassa, 
sufficiently concentrated to absorb all tithonic rays. The 
plants became green in about 2^ hours, so as to indicate not 
only, that detithonised light was capable of producing the 
green matter, but <rf doing so with remarkable activity. 
Hence, the formation of chlorophyl it not due to Tilhonicity. 

Nor is heat the active principle, for the maxima of heat which 
has traversed flint-glass, do not correspond with the rays which 
produce the chief action on etiolated plants. Chlorophyl is 
therefore produced by the imponderable light, as distiugnished 
from all other known agents found in the sunbeam. 

2. On the movemente of plants towards indigo light. 

(17.) Among the most interesting phenomena of plants, is 
the apparent instinct of bending towards light. The charac- 
ter of the movement may be seen with ease, by exposing a 
crop of turnip seedlings near the light of an Argand lamp, pro- 
vided with an opaque shade. If they be adjusted in such a 
manner as to leave the leaflets slightly above the lower mar- 
gin of the shade, the whole will be found inclined forwards in 
two or four hours. It is this movement I propose to exmnine. 

(18.) All erect plants obtained in darkness, when exposed 
to the solar spectrum, in distinct compartments, indine them- 
selves forward towards the prism. It is, therefore, an effoct 
which is produced in every variety of light ; even obscure 
light can accomplish it ; therefore, in researches on this sub- 
ject every precaution must be taken to darken the place of 

* See Dr Draper's paper va the Lond., Edin., and Dob. FhiL Mag. for 
Dec. 1S12. Tithonicity is the name of an nnpondeiable ^cnt, supposed 
to differ from light, by being invisible, and from heat, by not being con- 
ducted by metals, and incapable of producing the expansioii of bodiei. 
From tbii teim, tithonomtter and tithonic layi «e deiivod. 
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experiment. The anoant of bendicg frequently exceeds 
ninety degrees ; and a movement of the fore extremity of the 
stem through one inch, to one inch and a half from the perpea* 
dicnlar, is not unusual in tumip seedlings. 

(19.) If the young plants be exposed to a Bpectmm, pro- 
duced, as in art. 13, in a box -without compartments, after a 
time they will be found inclined diagonally towards a common 
axis ; those in the red, orange, yellow, and green, bending to- 
wards the indigo ; and the plants of the violet and lavender 
spaces moving to meet them. When a laiger spectrum of 
fourteen inches was used, and the seedlings exposed for five 
hours, they were so inclined as to surest the appearance of a 
field of growing wheat, blown by two winds to a common 
point. If the experiment were suffidently prolonged, some of 
the plants from either side of the spectrum interlocked in the 
direction of the axis. 

(20.) Thit axig ia in the direction taken bt/ Fraunhofef't 
indigo ray, in passing from the prism to the plant*. The 
seedlings growing in indigo light inclined directly along it ; 
bnt those of the red and orange did not move towards the 
radiant in the prism, but along a diagonal, inclined in part to- 
varda the plants illuminated by the active rays, which were 
much nearer than the prism. The amount of this lateral in- 
clination diminished as the plants were nearer the axis, so 
that those illuminated by blue, violet, and lavender, were little 
deflected irom a line drawn from their place of growtb to the 
radiant Seedlings in the red, orange, and yellow rays, frequent- 
ly bent to such an extent as to cause their summits to pass 
tlirough the adjoining coloured space. 

(21.) The secondary (lateral) inclination did not occur when 
the radiant ivas a reflected image of the spectrum, which was 
not allowed to fall on any of the plants. If the mirror reflect- 
ed neither of the more refrangible rays, the plants appeared to 
be inclined to the light immediately before them. 

(22.) These experiments satisfled me that the active force 
was in the indigo ray, and the intensity of the light necessary 
to produce deflection was extremely feeble, so that an amount 
inappreciable to the eye, which is an admirable measure of the 
inteoBity, bat incapable of estimating the effect of quantities, 
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would, after a lengthened expoBure, cause considerable defiec 
tioa. Indeed, the phenomenon is so little dependent on the 
brilliancy of light, that very little seems to be gained by eon- 
centrating the rays beyond a cert^n point. There ie sufficient 
activity in each prismatio colour to produce bending, if enough 
of time be allowed. The movement is, therefore, a result de* 
pending upon the absorption of light. 

(23.) As this is an entirely new subject, it is thought ezpedi' 
ent to advance some further evidence concerning the position of 
the deflecting force. For this purpose the spectrum was 
allowed to fall upon a screen, perforated by two similar aper- 
tures, in such positions as to allow the red to pass through one, 
and the indigo through the other. Behind the screen a box 
■was, placed, containing four jara of turnip seedlings, arranged 
along a line occupying the centre between the intromitted 
rays. The light passed through the box without any reflezi(ai« 
and was stifled by black cloth when it reached the further ex- 
tremity. All the plants commenced bending in a short time, 
and in two hours the nearest group were inclined forwards 
90°, and laterally 50°, towards the indtgo aperture, the edges 
of which formed the radiant. In three hours the second crop 
exhibited the same movement; and so with the plants of the 
third and fourth jais. At the conclusion of the experiment, 
in six hours and a half, all were bent forward at about 90°, 
and each group inclined towards the indigo aperture in a 
direction indicated by drawing a straight line from the plants 
to the radiant. Not one plant inclined toin^rds the red ray, 
although half the collection were at first nearei to it than to 
the more refrangible light. 

With similar arrangements, the yellow, orange, and green 
rays were contrasted with the indigo, and always witJi the 
foregoing result. The time necessary to develop© a satisfac- 
tory lateral inclination from the green rays, is greater than in 
the experiments made between the less refrangible rays and 
indigo. 

(24.) The same results were obtained when the radiants 
were reflected images. The extent to which the influence of 
the active light is felt was frequently surprising ; in some of 
Se observations pea plants were four feet from the indigo, 
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and within balf an inch of the yellow, red, or orange radiant, 
notwithstanding which they inclined tawards the indigo. In 
theee leseorches, the mirror was ao situated as to reflect no 
prismatic light upon the plants. 

(25.) That no doubt may rest on the place of the soliciting 
force, another arrangement was used. The instrument figured 
by M. Ponillet {Etemem de Phys., t. i. fig. 218) for examiniog 
the effect of combinations of rays of light in producing colour, 
was taken. Red rays were received on one mirror, and indigo 
oa another ; and the two so far inclined as to cause the raya 
to intermix at a place about three inches in advance of the in- 
strument, and out of the incident beam. A jar of turnip 
aeedlinga wae then placed so as to receive the compound light 
in its centre ; the pluits being illuminated in part by the red, 
indigo, and parple rays. In two hours the movements were 
MHisiderable, and somewhat complex. Every plant lighted 
by the indigo rays was inclined directly to taht radiant. 
Those which received red light were bent to the central pur- 
ple, and none to the red radiant. But many seedlings at first 
in the red, indined themselves towards the purple, and after 
being fully illuminated thereby, commenced a lateral move- 
ment towards the indigo radiant ; so that, at the close of the 
experiment, their stems exhibited two inclinations, the one in 
a vertical, and the other in a horizontal plane. 

(26.) Plants raised in darkness, as well as those which were 
green, were used In the preceding observations ; but the sen- 
sibility of the former greatly exceeds that of the latter. In- 
deed, plants that have been exposed to light for several days, 
beoomfi sluggish in their movements, and the phenomenon 
probably ceases In parts which are ligneous. In the se^llng^ 
submitted to examination the movements were found to take 
place in consequence of an action impressed upon the stem 
only ; for the removal of the leaflets did not alter the result. 
A still more remarkable fact wafi discovered in all the cases 
observed — that after complete bending, plants erect them- 
selves again when placed in darkness, at least In situations so 
dark as to appear entirely deprived of light. This effect is 
best seen in seedlings which have never been exposed to the 
direct rays of the sun ; for, after full and lengthened exposure 
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it diminiehes abnost to zero. The action of light in produc- 
ing movement seems therefore to be transient ; that is, it is not 
accompanied with a permanent change of structure in the stem. 

(27.) From all the foregoing experiments, it is demonstra- 
ble, that the force which constrains the movements of plants to- 
wards light, has its maximum in the indigo ray. 

(28.) But the solar beam contains a number of agents, one 
of which more especially developes itself in this part of the 
fiint-glass spectrum acting upon argentine compounda with 
great elTect. Dr Draper has discorered the existence of che- 
mical action, distinct from the rays of light or heat through- 
out the spectrum, and terms the agent which produces it, 
Tithonicity. Is the bending of plants produced by the tithonic 
ntgs ? by heat f or by light ? 

(29.) The investigation of these important problems has 
cost me much labour ; but the following results will shew that 
a satis&ctory solution has been attained. 

A trough of plate-glass, containing persulphocyanide of 
iron, which has the property of absorbing the tithonic rays of 
the indigo space, and allowing indigo light to pass, was placed 
before a small aperture made in the side of a suitable box. 
The proper place for the bole was determined by receiving the 
analysed spectrum on a daguerre plate resting against the box. 
In a few minutes, two stains were observed, with an interval 
between them, corresponding to the place of the indigo light. 
The inactive space was marked on the wood, and a perforation 
made in its centre, without deranging the adjustment, so that 
the aperture continued to admit detethonised light. Plants 
placed in this box were bent in two hours, whilst a crop illu- 
minated by indigo rays, which had not been transmitted 
through the solution, did not move with much more activity, 
although one crop was exposed to the maximum of the indigo 
tithonic rays, and the other placed in detithonised light. 

(30.) Solution of bichromate of potash intercepts nearly fUl 
tithonic matter, but permits the free passage of luminous rays. 
A crop of turnip seedlings was introduced into a box and illu- 
minated by the yellow rays of the spectrum, analysed by this 
solution. A daguerre plate was also introduced, to serve as a 
test of chemical action. la two hours and a half the plants 
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were all equally bent, and the plate but slightly stained on one 
edge. A group of similar plants, exposed in the same place, 
without the solution, were inclined in a period of time not 
materially diflerent. If the bending bad been due to tithoni- 
city, the seedlings should have moved towards the place where 
the silver was stained. 

(31.) The tithonic activity of rays transmitted through the 
above solution, from an Argaod lamp, is diminished to less than 
one two-hundredth part, as measured by Dr Draper's tithcaio- 
meter.* But plants were bent in light &om this source which 
had traversed the solution^ in a period of time not much 
greater than that required in the lull blaze of the lamp. 

This result alone is abundantly sufficient to decide the ques- 
tion, and shew the total inactivity of the tithonic rays in pro- 
duciDg these vegetable movements. 

(32.) That the bending is not due to heat, appears iirom the 
following considerations : The action is greatest in those parts 
of the spectrum which give evidence of least heat : The axis 
is approached, on one side, by plants from the red, orange, 
yellow, and green, and by those from the violet and lavender 
on the other, which is a phenomenon altogether inexplicable, 
on the supposition that heat is the active agent 

Plants shut from the light of an argand lamp, by a plate of 
copper foil, do not incline to the warm metal. 

Finally, the moonbeams, even, without condensation, are 
capable of producing extensive bending in one or two hours. 
This result is conclusive of the question ; for no trace of caloric 
can be found in the moon's light. 

(33.) As far, therefore, as the presence of heat can be deter- 
mined by thexmoscopes, or the tithonic rays by argentine 
compounds, and the union of chlorine and hydrogen, we are 
justified in concluding that the movements of plants are efFeot- 
ed by a totally different agent. Light oitlt/ remaine in the 
gpeetram, so far as we knon> ; and to it, therefore, I refer the 
motiont under consideratiort. 

(31.) This conclusion is of deep interest, inasmuch as it is 



* Tithonometer— Ml imtniment for raeasuiing the chemical force o 
TKyn, by the udiod of chlorine aod hydrogen. 
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the first cage of a movement, perceptible to the eye, being 
traced to the unaided action of light. That this imponderable 
produced molecular changes, was readily admitted ; but its in- 
fluence, in brining about palpable movements of considerable 
extent, has never been suspected. In the irritability of the 
iris, physiologists have always seen the influence of nervous 
matter ; but in plants no such agent exists to complicate the 
phenomenon ; and, therefore, the action is due to light rally. 

In this newly discovered property Hgbt is also more closely 
assimilated to the other unponderables ; for both beat and 
electricity are capable of producing palpable motion. 

S. Some application)! of the precedity facte, ifc. 

(35.) Numerous applications to vegetable physiology will 
suggest themselves to tbe reader ; but it is my purpose to treat 
only of the following : 

The intimate relation tehick exists between the rays which 
produce chloropAyl, the decomposition of carbonic acid, and the 
iuminoue spectrum. The maximum for the formation of green 
matter has been shewn to reside in the yellow ray. Dr 
Draper (Loud, and Edin, Phil. Mag., Sept. 1843) discovered 
the maximum action, for tbe decomposition of carbonic acid, 
to be between the green and yellow ; or, more correctly, in the 
centre of the yellow. Sir W. Herschel and Frauuhofer 
placed the maximum for light in the same space. 

(36.) The relation goes further ; for if the quantities obtain^ 
ed by Dr Draper for decomposing action, as measured by 
liberated gas — Fraunhofer, for illuminating power, determined 
by the eye — and my estimate, obtained in time, and by the 
eye— be rendered commensurable and tabulated, they will 
give quantities nearly allied. To produce such a table, I 
assimie all the maxima equal to unity. My results being in 
time, and theirs in effect, the inverse proportion is taken fi}^ 
ei^b Talue given in Art 14. 
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TA9LB, tkemng the Force of the Solar B^a in prodtteing the 
Green Colour 0/ PkmU, the Decon^>oaition of Carbonic Add, 
and Illumination. 





ChltTOlAjl. 




niambutbw 




■m 

1-000 

•(03 

•iiio 

o«io 
0000 


<K)000 
•<W1 

•ssu 

■0027 


OOMO 
■0830 
■OW 

■MOO 

i-oiioo 

-MOO 

■iwo 

■0310 

■ooee 






















IfaflG 

"•"•■Br-, ,-, 



Upon projecting these numbers, which, although not rigor- 
ously correct, are very good approximations, the unity of the 
^ve agent will be more strikingly exhibited. Let the axis 
of abscissus be divided into intervals corresponding to Fraun- 
hofer's coloured spaces, and the positions of the mean places o£ 
the dark lines be marked from Powell's recent work on Diaper- 
sion. The ordinates are from the table. Fraunbofer's esti- 
mates are indicated by a bold line, ]>r Draper's by dots, and 
jny own by an interrupted line, ^. 1. 




Had more points in these figures been determined, there is 
no doubt they would have coincided prerisely. It is not to bo 
forgotten, that these results were obtained in places many hun- 
dred miles apart. They determine, what hitherto has only 
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been conjectured, that the greening of plants, and decompoei- 
tion of carbonic acid, ate produced by the same agent — which 
is abo the active unponderable in producing viBion — a pheno- 
menon in no way similar, aa suggested by M. Moser, to the 
change of Daguerre's plate, which is a tithonic action. The 
dependence of the depth of green colour in foliage upon bril- 
liant light, is also shewn. The statements of trarellers, in re- 
spect to tropical vegetation, confirm this conclusion. 

(38.) Ohlorophyl, the body generated in the yellow leaflets 
of plants, raised in darkness by the action of light, ia a hydro- 
carbon, of the nature of wax. Whether it be produced by de- 
compoaition of carbonic acid, or be the yellow matter, or some 
other substance, as dextrine, already present in the leaf, which 
has suffered deoxidation, is altogether unknown. The latter 
view, applied to the formation of oils and fats in animals, by 
Liebig, ia probably correct ; by adopting it, we are relieved 
from all difficulty in regard to the supply of hydrogen in plants ; 
for the evidence that water is decomposed in their structures, 
is by no means conclusive. In the formation of oils in seeds, 
it is known that the deoxidation of sugar occurs ; for we havQ 
the liberation of carbonic acid from the petals, &c., and a de- 
struction of the organic matter. 

Subsequently to the production of chlorophyl, carbonic acid 
is decomposed by light, and this fimction, directly or indirectly, 
is sufficient to generate all organic matter. Hence the exists 
ence of all organic matter is due to the light of the sun. 

(39.) On the destruction of Chlorophyl tn/ Light. — The pn>> 
duction of green matter by the yellow rays, leads us to infer 
its destruction by the blue and red. Sir J. F. W. Herschel 
(Phil. Mag., Feb. 1843; found that the expressed juices of 
leaves are acted upon by the spectrum with much uniformity. 
In the case of elder leaves (fig. 8), there was a strong maxi- 
mum, producing a nearly insulated solar image at — 11.5 of 
his scale,* or nearly at the end of the red rays, — the actiou 

* By proceeding as in nrt. 13, a eipectrum b obtaiaed which luu only 
the width of the focal picture of the enn, and ia of ootuuderoible length ; 
theae elements differ, however, with the focal distance of the lens. Upon 
esaininlDg ench a ipeotrom through cobalt^glasa, & perfectij circular 
image of the sun is geen at the extreme red end, another in the centre 
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thence was feeble, wiUi two minima at — 5.0 and + 6.8, vith 
a slight intermediate maximum at (0.0) the centre of the yel- 
low, and beyond these, or about the teimination of the green, 
the action again increases, reaches another maximum at + 20.0, 
which corresponds to the centre of Fraunhofet'B indigo, after 
vhidi it dedines to a point beyond the violet + 45.0. 

I have been thus precise in giving his result, because my 
experiments made with ethereal solution of chlorophyl from 
grass leaves spread upon paper, gave similar spectra. There 
are two points, however, which it is necessary to discuss. 

The first action of light is perceived in the mean red ray, 
asd it attains a maximum incomparably greater at that point 
than elsewhere ; the next place affected is in the indigo, and, 
accompanying it, there is an action from + 10.5 to + 36.0 
of the same scale, beginning abruptly in Fraunhofer's blue. 
Bo striking is this whole result, that some of the earlier spec- 
tra obt^ned by me, contuned a perfectly neutral space from 
— 5.0 to + 10.5, in which the chlorophyl was in no way 
i^anged, whilst the solar picture in the red was sharp and of 
a dazzling whiteness, and the maximum of the indigo was also 
bleached, producing a linear spectrum, as in fig. 2 ; in which 
the orange, yellow, and green rays are inactive ; these, it will 
be remembered, are energetic in forming the green matter. 



Ked, orange, yellow, green, bloa, iiiiligo, violet. 

Upon longer exposure, the subordinate action along the yel- 
low, &c„ occurs, but not until the other portions are perfectly 
bleached. 

In Sir J. Hersche?s experiments, there remained a salmon- 
oolour after the discharge of the green. This is not seen when 

«f the yellow, and the termination of theTioletU sharp and distinct Sir 
John Herachel takes the centre of the jellow, thus insulated, &a his zero 
point, and,usingaiDaleofthirtiethBofaniueh,diWdes the distance between 
it and the led end into negatiTe parts, and in the direction of the violet po- 
sitively. The spectnun ho used contained 13.30 negative, and 40.83 po- 
ntive parta, and was, therefore, ^ inches long. My spectrum corre- 
■poaded with tiiia very closely. 
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cUorophyl 19 used, and is due to a eolonring matter, insoluble 
in ether. 

(40.) No ground exista, therefore, for the theory that the 
autumnal tint of leaves is due to the residual, after the destmc- 
tion of the green colour. Xanthophyl, which imparts the yel- 
low, depends on an organic change of ohlorophyl, which BeizO' 
Hub could not imitate (Journ, de Pharm., Julliet, 1837). 

Some observations made with a view of determining the ac- 
tioa of indigo light on the green of living plants, brought me 
to the conclusion, that it laded into a yellowish-green colour ( 
but I will not speak positively. Plants do, however, lose all 
their greenness in a dark place, after a greater or less timei 
and become the colour of seedlings raised without light. In 
this result my experience is at variance with the statement of 
Macaire Frincep, *' Les feuilles d'une plante conservces & I'abri 
de k lumiere s'en detachent colortes vert." (In Berzelius, 
Chimie, t. 6, p. 42; from Mem. de la Soc. Hist. Nat. de Ge- 
neve, t. 4.) 

(41.) In the Bleaching of Chloropkyl, as well as in its pro- 
daction, the active agent is light, for it will take place behind 
a medium excluding the tithonic rays ; and the points of acti- 
vity have no relation to the maxima of the calorific spectrum. 
See Sir John Herschel's paper (Fhil. Trans. 1840, part i., 
p. 51, " On the distribution of the calorific rays of the solar 
spectrum".) 

(42.) The coiapidence shewn to exist between the illumi- 
nating power, activity of decomposition, and greening effect <rf 
yellow light, is conclusive of the discussion respecting the rays 
which are &vourable to the growth of vegetables. 

Blue light cannot be the best, as originally affirmed by Se* 
nebier, and subsequently maintained by Mr Hunt ; nor would 
a conservatory glazed with cobalt-glass answer the expectation^ 
of Professor Johnston. 

(43.) It is impossible to conclude without calling the atten- 
tion of physiologists to the remarkable &ct, proved in the se- 
cond part of this paper, — that indigo light possesses a solicit- 
ing power, capable <rf governing the direction of the stems, 
peduncles, &c, of plants ; an action accomplished by light in- 
comparably feeble in comparison with the yellow rays. The 
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blue of the atmosphere is scarcely less intenee, vhen compared 
vith the sun's beams. Does not the colour of the iky, there- 
fore, regulate the upright groteth of etems to a certain extent f 
Ig it not in virtue of the tolieitin^ force therein, that jdanta 
continue to grom erect, whenever other disturbing forces are 
M equilibrio f These questions might b« investigated with 
profit, were not this communication too extended already. 

(44.) It ie proper to state, bowerer, that De Candolle's theory 
of tBe bending of plants towards light, baa been fully dis- 
approved in the context,* inasmuch as it is efiocted by the indigo 
rays which have not power to decompose carbonic acid and pro- 
duce lignin, &c. (See Mem. Soc. d'Arcueil, 1809, p. 104.) 

In conclusion, it appears that the following facts have been 
established : — 

\8t, That chJorophyl is produced by the more luminous rays, 
the maximum being in the yellow. 

2d, This formation is due to pure light, an imponderable 
distinct ftom all others. 

Zd, That the ray towards which plants bend occupies tha 
indigo space of Fraunhofer. 

4M, This movement is due to pure light, as distinguished 
from heat and tithonicity> 

5th, That pure light is capable of producing changes mhich 
result in the development ofptdpable motion. 

Glh, The bleaching of chlorophyl is most active in those 
parts of the spectrum which possess no influence in its produc- 
tion, and are complimentary to the yellow rays. 

1th, This action is also due to pure light. "We have, there- 
fore, an analysis of the acldon of every ray in the luminous 
spectrum upon vegetation. The several effects produced are 
not abruptly terminated within the limits of any of the spaces, 
but overlap to a certain extent, a fact which coincides with 
our experience of the properties of the rays. Whilst heat and 

* De Candolle advanceda theory to account for the bending of plants 
towaida light on the following grounds. That as the side of any plant 
nearest the light vas acted on thereby, whilst the distant portions were 
nnillnmuiated, carbODic acid would be decompoBed, and lignin, &o., pro- 
duced on one side and not the other. The plant becoming finner on 
the part thus fumuhed i*ith woody fibre, bent oT«r towards the luini- 
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tithonicit}f are capable of causing the onion of mmeral particles, 
light appears to be the only radiant body which rules pre- 
eminent in the oTganic world. To the animating beams of the 
son, we owe whatever products are necessary to our very exist- 
ence. (The American Journal of S<nence and Arts, tcJ. xIti., 
No. I, January 1844, p. 1.) 



Memoir of the late Mr William Slaekie, OpHdan. By John 
CouuTKsui, M.D., Leitb. Commnucftted by the Royal 

Scottish Society of Arts.* 

William Blackie was bom at Btunfield, near Ediabni^h, 
24th May 1808. He was brought up by fais maternal grand-' 
father, Mr Geoi^ Blackie, gardener, whose name he asstmied 
in after life, in preference to that of his &ther, in consequence 
of the latter having basely deserted his mother. 

After having received the elements of education in various 
suburban schools, be began, at the age of twelve years, to 
WOTk in his grandfather's garden at Upper Hermitage, South 
Leitb. Nothing remarkable appeared in his chvacter or dis- 
positions daring his boyhood ; but, when he bad reached the 
age of seventeen years, he became impatient of the mtmotony 
of a gardener's life ; and, along with a cousin, suddecdy left 
his home and went to sea. He was received mi board of a 
coal-brig trading between North Shields and London, in 
which he met with treatment so harsh as to lead him speedily 
to repent of the rash step he had taken. Whiie at London, 
he sought long and anxiously for employment in some of the 
large gardens near the metropolis, but in vain ; and, at last, 
be was compelled by hunger to return to the vessel. Having 
completed the homeward-voyage, he felt that he had had 
enough of a sailor''s life, and penitently retnmed to his friends 
within two months after absconding. He then resumed work 
in tbe garden. 

It was about two years after this that an incudent occurred 
which gave a decided turn to fais occupations, and influenced 

• Read befora tbe Royal Qomij of Arte oa 8A April ISU. 
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the whole course of his future life. While dig^ng in the 
garden, he happened to turn up the bottom of a chrystal 
tumbler ; it was concave ; and, on looking through it, he ob- 
served that it diminished the object. He then thought 
whether, if the glass were convex, it would have the effect of 
magnifying the object. This he resolved to bring to the test 
of experiment ; and immediately proceeded to grind the piece 
of glass into a convex form. At this time, he was entirely 
ignorant of optical science ; nevertheless, after long and hard 
labour, by means of a common grindstone, he succeeded in 
giving his glass the desired form ; and he polished it with 
earth. He then found that, rough as bis workmanship was* 
the convex glass realized all his expectations. 

Delighted with his success, he now resolved to attempt the 
construction of a telescope. With this view, he procured two 
pieces of glass, which he formed into lenses in the same mao- 
uer as the bottom of the tumbler. He could, at first, procure 
no better tube in which to fix his lenses iban a cabb^e-stalk, 
hollowed out. One day, while he was eqjoying the performance 
of this rude instrument near Locbend, he was accosted by a 
young man of the name of Forbes, who held in his band a 
properly constructed telescope, and who proposed to Blackie 
to exchange instruments for a few minutes. Blackie shewed 
much reluctance to allow a stranger to inspect his telescope, 
but at last yielded to the entreaties of Mr F., who was much 
delighted and astonished at the effect produced by means so, 
rude and simple. This interview led to the formation of a 
friendship which continued throughout life. It was at Mr 
Forbes''s su^estion that William began to attend the lectures 
delivered at ^e Leith Mechanics' Institution, on Mathematics, 
Chemistry, and Mechanical Philosophy, which he did in the 
Session 1827-28. He continued to attend these lectures di- 
ligently until 1832, acknowledging that he derived from them 
much benefit. He also actively avfuled himself of the use of 
the excellent library connected with the same institution, de- 
voting his attention more particularly to works on practical 
mechanics and optics. 

These studies occupied only his evening hours until 1832, 
when, for a time, he abandoned the spade, and confined bis 
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IsbooTB, almost exolosiTely, to practical optice, in hopes of 
being able to obtain a livelihood by disposing of lenses and 
other s^aratos, in tbe construction of which he now began 
to evince considerable dexterity. 

He persevered in this for about twelve months, wheoi find- 
ing that his success did not equal his expectations, he once 
more returned to his tonaer employment. For a short time 
he laboured in the Experimental Garden at Inverleith, but 
left it abruptly, in consequence of what he conradered bad 
usa^. 

He now thought of becoming an engineer ; and, with this 
view, endeavoured to procure employment in some engine 
fectory, but in vain. This fresh disappointment brongpht him 
back to his lenses with new zest ; and be spent the four re- 
mfuning years of his life almost entirely in the manufactive 
of these, and that with a degree of success, as to the excel' 
lence of their performance, that has rarely, if ever, been 
equalled. The iact of Blackie's attaining sueh eminence as 
an artificer in work so delicate and minute as that of the con- 
struction of mieroscope-lensea of high power, notwitbstand' 
ing his having been fully exercised for many years in the 
use of so large a tool as the spade, may be regarded as a very 
interesting addition to the history of the human hand ; and 
as supplying another striking proof of the wonderful plasticity 
vrHh which it has been endowed by the all-wise Author of 
Our being. 

It was about this time (the beginning of 1634), that he suc- 
ceeded in forming a diamond lens having a focud of ]-90th 
of an inch, and a radius of l-36th of an inch, which magnified 
649 times. This, it is believed, was the first lens of the kind 
ever made in Scotland. His successful effort was the means 
of bringing blm and his works nnder the notice of Sir David 
Brewster, Professor Forbes, and other pbilosofAers, who sub* 
sequently employed turn in various pieces of woric connected 
with practicsJ optics, and continued sedulously to interest 
themselves in his welfare to the close of his life. Kncooraged 
by such patronage, he continued his work steadily, but still 
in tbe most quiet and simple manner possible. He nsually 
wrought at a common table in his grandfather's kitchen ; all 
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his moulds and tools were made by his own hands, and were 
80 insignificant in appearance, that they were seldom recog- 
nised even by persona conrereant with the like pursuit. Soma 
of his processes in lens^rinding and polishing were entirely 
of his invention ; and, indeed, in almost every step of his pro- 
gress, he strove to master difficulties by the exertion of lus 
own ingenuity, rather than have recourse to the advice or 
assistance of others. To Mr George Saunderson, however, 
he acknowledged himself indebted for his having described 
to him a simple method of executing the spherical surfaces of 
garnet lenses. 

By unremitting exertions, he produced numerous micro- 
scopic lenses of excellent workmanship and high power in the 
course of four years. He was particularly successful in mak- 
ing the bird's-eye lenses, or grooved spheres, now so mnch 
used as pocket microscopes. He also brought to great per- 
fection achromatic object-lenses for the compound microscope. 
These have been pronounced by competent judges to be en- 
tirely free from spherical aberration, and to afford an ex- 
tended field of vision. The following testimony to the sur- 
passing merits of one of these lenses b extracted irom the 
article " Microscope," in the last edition of the Encyclopeedia 
Britannica : — " Mr Pritchard remarks, that when the lens 
next the object is a jewel, the performance of the doublet is 
improved ; but tiiat he has not observed any advantage when 
both lenses are geme. This must be a mistake ; for lenses 
of any gem that are superior to glass ones when acting singly, 
must, if suitably combined, be superior also when united. la 
proof of this we have a garnet doublet before us, executed by 
Mr Blackie, the performance of which is quite remarkable. 
The lenses are made of Elie garnets, and their convex sides 
are placed towards each other. The radius of the smallest 
lens near the olgect is l-70th of an inch, and that of the 
other l-20th of an inch. Its magnifying power is very high, 
exceeding greatly that of the semi-jewel doublet made by Mr 
Pritchard, with a sapphire lens l-60th of an inch focus, com- 
bined with a glass lens 1-lOth of an inch focus." 

After having so far distinguished himself by these beauti- 
ful works, Blackie was encouraged to visit London in 1836, 
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part); with the view of making himeelf acqaainted with die 
state of the art to which he had devoted himself, as carried 
on in the metropolis, and partly with the hope of obtaining 
some orders for pieces of work. He carried witlt him lettMa 
of introdnction from Sir David Brewster to Mr Robert B*own, 
Mr Pritchard, Mr Bate, and Mr Jackson lister. Mr Prit- 
chard received him with great kindness, and gave him orders 
for some of the grooved spheres. He was favoored also with 
the patronage of several other distingnished philosophers and 
fellow-artists; and he returned home both pleased and re- 
&%shed by the agreeable incidents of his journey, and by the 
excellent opportonities of improvement which he had en- 
joyed. 

Mr Blackie now made for the late Mr Sivright of Megget- 
land, a diamond lens similar to that which he mann&ctored 
in 1834, which, it is bdieved, remains in the possesion of Mr 
Sivrigbt's family. He also made, about this time, a number 
of lenses of various kinds for Professor Forbes ; and assisted 
that gentleman greatly, by grinding plates and lenses of rock- 
salt, which were used in the experiments on light and heat, 
subsequently communicated to the Royal Society by the Pro- 
fessor. It is understood that no other artist was found able 
and willing to undertake this labour. 

Mr Blackie also made a fine sapphire-lens, focus one- 
seventieth of an inch, radius one-fortieth of an inch, which 
magnifies 420 times ; a gamet'lens, one-fiftieth of an inch 
focus, magnifying 300 times ; and a smaller garnet-lens, one- 
twentieth of an inch focus, magnifying 720 times. 

But the subject of our memoir was not a mere artist. He 
oareliilly and successfully cultivated the higher powers of his 
mind, and did much to supply the deficiencies of his early 
education. He was fond of plants, although he disliked the 
labours of the gardener ; and he sedulously cherished a fine 
collection of choice flowers, of the produce of which he made 
his friends partakers. He made good progress in the acqui- 
sition of botanical, chemical, and astronomical science. He 
was, above all, eminently characterised by extreme modesty, 
and perfect simplicity and ingenuousness of disposition. His 
deportment was particularly unassuming. He was most kind. 
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attentive, and obligiog, in all the relatioos of life ; and he was 
most warmly loved by all who knew him best- 
It is probable that intense application to his labours laid the 
foandation of the disease — consumption of the lungs — of which 
he died. The symptoms of the fatal malady began to mani- 
fest themselves in the antumn of 1836 ; but he was able to 
contioae at work, aithongh with many intermptions, until 
within two or three months of his death, which happened on 
the 15th January 1838. 

Throoghout the whole of his illness, he maintained th« 
same meek and quiet deportment which ever distinguished 
him. He spoke little ; but that little proved how much his 
spirit was cheered by Christian faith and hope, and discovered 
on what a deep foundation were based the remarkable humi- 
lity, simplicity, and uneerity, which formed the chief orna- 
ments of bis diaracter, and endeared him to all connected 
with him. 
Haboh Sa 18M. 



Description of Portable Levelling Itulrttmenfs. By David 
Stbvemon, F.R.S.E., F.R.S.S.A., Civil Engineer, Edin- 
burgh. Communicated by the Royal Scottish Society 
of Arts.* With a Plate. 

In ezamining a tract of coontry, I have often experienced 
the want of some portable, and, at the same time, accurate 
instrument, for ascertaining, in a general manner, the rela- 
tive levels of different points, previous to determming the 
line of a mwe detailed survey. A small spirit-level without 
any telescope, having a common Bight and cross-hair attached, 
is someUmes used for that purpose, being fixed on a staff 
stuck into the ground. The large instruments commonly 
used in levelling are also often employed, but neither of these 
instruments answers the object I had in view ; the first being 
much too rude for the required accuracy, and the second too 
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heavy for easy transport The level repreBented in the ae- 
companying drawing (Plate 1st), was designed to supply this 
want. It consists of an accurate spirit-level, a lO-inch tele- 
scope, and a compass, so arranged as to admit of being very 
portable. The telescope unscrews at letter A, so as to form 
two compartments, and the whole is packed in a pocket case 
measuring 6 by 2} inches ; and the tripod on which it stands 
does not esceed the bulk of a thick walking staff. 

Referring to the drawing, B C is the level, D a circolar 
level, E the compass, F screw for adjusting focus, G the eye 
piece, H screw acting on spring K L. which is fixed to the 
telescope at M by a crutch on which it moves, N the screw 
by which it is fixed to the tripod, O F Q R the top of the 
tripod, which contains a ball and socket-joint, shewn in dotted 
lines, which can be clamped and nnclamped by means of a 
screw wrought on the inside of the part S T. In setting the 
instrument, the screw S T is first undamped, aud the instru- 
ment is moved by the hand on the ball and socket-joint until 
the air-bubble of the level D occupies the centre of the 
drcolar box containing it. The screw S T is then clamped, 
and the instrument being directed to the object to be ob- 
served, the final and more perfect adjustment is made by 
bringing the air-bubble B C to occupy the centre of its tube, 
which is done by means of the screw H, which acts on the 
spring K L. The tripod is that used by Dollond for the 
camera lucida, and answers both instruments. The tele- 
scope can be made either, as in ordinary levels, to reverse 
the objects, or, as in theodolites, to shew them in tiieir true 
poa^ons. In this level made for myself, I have adopted 
the latter construction, in order that the instrument may an- 
swer more perfectly the purposes of a field telescope. The 
addition of the compass is also a further convenience. 

In connection with this instrument, I have also had a port- 
able levelling staff made, which also is shewn in Plate I. It 
consists of an elliptically-moulded staff, 3 ft. 3 in. in length, and 
cutthrongh the middle ; the two halves are hinged at one ex- 
tremity, and when unfolded, are fixed by a spring at A, form- 
ing a rod 6 ft 6 in. long, on the fiat side of which the gradua- 
tions of feet and inches are painted ; when closed, the gradaa- 
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tion 13 protected from injury, and the whole forms a conve- 
nient walking staff. 

These instrumeats, which were made for me by Messrs 
Adie of Edinburgh, I have found very convenient ; and, I am 
persuaded, they will be suitable in all circumstances where 
the combination of accuracy and portability is required. 

David STEvmsotr. 

EmMBUBan, l\th Jannarii 1844. 



Some Account of Levelliny Instruments, teith Description of 
one of an Improved Form. By Thomas Stbvemsok, Civil 
Engineer, Edinburgh. Communicated by the Royal Scot- 
tish Society of Arts.* 

The improved spirit level about to be described, was made 
for me in 1840 by Mr Adie, and afterwards described in a let- 
ter to the InsUtution of Civil Eiigineers.f 

Since then I have had two levels of the common construc- 
tion altered to the new form. On a late occasion these instm- 
ments were exhibited to the Royal Scottish Society of Arts ; 
and as no drawings had been laid before the public, that 
Society requested me to prepare a description with diagrams, 
that these might be published in their Transactions. In ac- 
cordaJice with their request, therefore, I have drawn up the 
present description ; and have also consulted many early 
writers, to ascertiun, as well as I could, the history of one of 
tiie most important of geodetical and engineering instru- 
ments. 

There unfortunately esbts a great deal of conflicting evi- 
dence regarding the true inventors of the different parts of 
the spirit-IeveT. Indeed, there are hardly two authorities who 
agree upon the subject. 

The great Huygens appears to have been the first to apply 
the telesc^e to a level of his, which was constructed on the 
principle of the plummet. This is noticed, in the life pre- 

* Ezbibited and verbally described to the Society on 22tl January 
1844 ; and this written description requested. 
t Engineer uid Architect's Joomal, vol. t. 
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fixed to his works,* in the following terms : — " Ibi" (Lntetiie) 
" Tixit ab anno 1666 ad annum 1681. Durante hoc tempore 
pulcherrima subtilissimaque multa in mathematicis detexit 
Tariaque ex iis operibus conscripsit quse nunc in nnum corpus 
collecta quid in variis Matheseos partibus prsestiterit snb oculis 
ponunt. Prseter ipsius jam memorata inventa prseclara inter 
alia duo insigni usu eminent. Libellam telescopio muidlam 
ita construsit ut ipsi pne ceteris fides baberi possit," fee. 

The honour of having first applied the air-bubble to the de- 
termination of horizoDtality seems to be due to that universal 
genius Dr Hooke. From all that I can gather, it appears that 
his invention must have been made subsequent to 25tli March 
1674, and prior to the year 1675, as, in his "Attempt to prove 
the Motion of the Earth by Observations," of date 25th March 
1674, he describes s, new method oi stilling the plumm^lhyim- 
mersion in water. While in his animadversions,! published also 
in 1674, after fully describing his invention of the air-bubble 
confined in a tube, he speaks of its peculiar advantages, and 
great delicacy of movement, and remarks, — " This can hardly 
be performed by the ordinary way of plummets, without hang- 
ing from a vast height, which is not practically to be peiv 
formed without almost infinite trouble, ezpeoae, and diffi- 
culty," &c, 

Hutton, in his Mathematical Dictionary, remarks, that the 
application of the air-bubble to the level " is said to be due 
to M. Thevenot ;" but with what justice I cannot say, having 
been unable to meet with any reference to this instrument in 
tlie writings of that author. Thevenot was bom in 1621, and 
he died in 1692. 

I have been unable to discover who was the inventor of the 
circular level, which I imagined had been of recent date ; but 
Switzer, at page 91 of his Treatise on Water-works, which 
was published in 1734, remarks, that the circular level was 

• Christ. Hugenii Op. Var. Lugd. Batav, 1724. 

t Animad versions on the Gret part of the Machina ceelestls of the Hon., 
leiunied, and deservedlj fomous Astron. Johannes Hevelius, CoutuI of 
Dantz'ick, together with an explication of some instruments made hy 
Hob. Hoote, Prof. Geom. in Gresh. Col!., and F.R.S. Lond. 1674, p. 61, 
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tlien employed in the conBtmetion of the enrrejing instmment 
called a Plane-table. 

According to Sir John Herachel, the eroti'hair, which givei 
80 much accuracy to all astronomical as well as levelling in- 
stmments, was the invention of Gascoigne, a young English- 
man, who used it in 1640. He was killed at the age of 23, at 
the battle of Mareton Moor. 

M. Le BioQ* appears to have been the first to conjoin the 
telenope of Buygena teith the air-bubble of Dr Hooke ; and 
this must have been subsequent to the year 1684, as such an 
instniment is not shewn in De La Hire's edition ot Picard's 
Treatise on Levelling.t 

But it was not till Sisson's improvements that the level 
could be considered as in any way an accurate or philosophic 
instrnment All that were made previous to his time were 
coarse instroments, adjusted by a ball and socket, and in other 
respects resembling the common perambulatory survey-leveli 
which, from the nature of the constmction, can be levelled in 
only one direction, and cannot be reversed, or moved even in 
tiie slightest degree, without requiring readjustment. Sisson 
may, therefore, be considered as the inventor of the instru- 
ment in common use. The main featnre in his improvements 
was the introduction of the four screws called the parallel 
plate-teretvi (D, in the Diagram). I have been unable to 
find out the date of Siason's improvement ; and, indeed, the 
only noUce I can find of him is the following in Switzer's Sys- 
tem of Water-woriis : " The invention" (alluding to the in- 
stonment with parallel plate-screws) " as I take it (for I am 
not as yet well acquainted with that gentleman), of William 
SissoD, at the comer of Beaufort Buildings^ in the Strand."t 

Since the time of Sisson, the celebrated Ramsden intro- 
duced a tangent-screw and clamp, for moving the instrument 
with accuracy through small distances in an arimuthal direc- 
tion. Messrs Troughton and Simms also madi; several im- 

* Traits de 1a CoDstniction et dee Principaui usages dei Instrumens 
de Matbematique. Par N. Le Bion, Ingenieur du Eoi pour lea Instru- 
mens de Math. Nout. Edit, A La Haye, 1723. 

t Traits du Niveliement Par M. Ficard, inia en lumiere pac les soioR 
de M. De La Hire, ISmo. A Pmib, 1684. 

X An Universal Bjttem of Water and Waterworka. Bj Steplien Swit- 
ler, 2ToU.4to. Lond. 1734. V.tXV^IC 
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provementa in the arrangement of the varioas parts of the 
instrument ; and Mr Gravatt has of late years added a cross- 
bubble for facilitating the rouffh-aetting of the instrament— 
or that adjustment which is made with the legs of the tripod ; 
and an enlargement of the diameter of the object-glass, so as, 
by the admiBsion of a greater number of rays of light, to allow 
of the telescope being shortened, without impairing its optical 
pOweiB. 



A fi \» the telescope. 

C C the compoBS-box. 

M the screw for adjusting the focus. 

H H the tubular spirit-leTel. 

G the spherical or circular level. 

D D D the parallel pla1«-Bcrews of Siisoa. 

K the old ball and ROcket motion. 

F the new ball and socket motion. 

N clamping-screw for ditto. Dniiirrd ■)■■ OoOqIc 
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BftTrng thus endeavoured to describe the auccesBive chaDgea 
which the level has undergone, I shall now proceed to notice 
the nature of the present improvements. 

The first of these is the substitution of a circular, or, to 
speak more correctly, a spherical level (G), sluggish in its 
motions, instead of the small cross-leTel, which was introduced 
by Mr Gravatt The advantage of the circular level over the 
common form, is its peculiarity in at once shewing the devia- 
tion of the instrument from horizootality in both directions, 
instead of only one. 

Before describing the next improvement, it may be proper 
to state, tbat the clumsiness of the common level consists ia 
its being at all dependent on the setting of the legs. This 
arises from the circumstance of the ball-and-socket motion (K) 
being controlled in its action by the parallel plate-screws of 
Sisson (D), the consequence of which is, that, in using the 
common level, eve must be taken to set the instrument very 
nearly level iy the eye, so as to be within the range of th« 
parallel plate-screws (D), otherwise it is impossible to adjust 
the instrument. And although to the practical man, the trou- 
ble attending this may be comparatively small, still he will 
admit that it is one of the most irksome parts of the whole 
operation of levelling ; to say nothing of the time that is lost 
in adjusting the instrument afterwards with the parallel plate* 
screws. What appeared to be wanting was a motion for the 
preliminary, or rough-setting, intermediate in nicety between 
those of the parallel plate-screws and of the legs. In order 
to gain this end. a ball-and-socket motion (F), having a clamp 
(N), is introduced in addition to the ball-and-socket (K), whose 
action is limited by Sisson 's parallel plate-screws (D) ; so that 
n^ improved level hat two ball-and-socket movements. 

"With the instrument thus improved, the observer is made 
quite independent of the level of the ground where he sets the 
legs of his instrument, and may place them without regard to 
the inclination of the telescope to the horizon. Looking first 
to the circular level (G), and releasing the clamp (N) of the 
ball and socket (F), he, with one hand, moves the bead of the 
instrument till ihe bubble is in the centre of the circle, an 
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operation which is done almoGt instaotaneousl;.* The socket* 
Bcrew (N) is then clamped, and the telescope bubble (HH) is 
brought to the abaolute level by a slight touch of the parallel 
plate-screws (D). In this way the legs of the tripod never need 
to be moved after the instrometit has been placed on. the 
ground, and the parallel plate-screws hare almost nothing to 
do— advantages which all who are accustomed to levdUing will 
fiilly appreciate. 

In levelling over monntainous districts, it very o^n hap- 
pens that it is desirable to select a station where the groond 
is so ruffed and precipitous as to render it difficult, if not im- 
possible, to find three points for the extremities of the legs of 
the instrument to rest on, which shall be on such levels as to 
bring the telescope within the range of the parallel plate- 
screws ; but wherever the intlrument can be made to stand mith 
lafety, the bubble of the improved level can be adjutfed, and 
adjusted in exactly the same time, and roith exactly the same 
ease, as if the instrument were placed on level ground. 

Another advantage of these improvements is the removal of 
a great practical difficulty which is often experienced on slop- 
ing ground. The instrument being set and properly adjusted, 
the observer, on looking through the telescope, may discover 
that he is not within the range of the levelting>-staff ; in other 
words, he has chosen a station too high or too low to admit of 
his seeing any part of the staff within the field of the object- 
glass. The only remedy for this is to choose a new station 
where the instrument most be again set up and levelled, at a 
great expense of time and trouble. In order to remedy this, 
it was my intention at one time to have fixed on the telescope 
a French level, on the principle of the plummet, in order 
speedily to discover, before making the adjustments, whether 
the intended station were within the range of|tbe staff or not. 
But the instrument Ciui be roughly set with so much quick- 



* In the annexed plan the instminent h shewn off the level bo that 
nnther tbe air-babble of the circular level (Q) ia in the centre of the 
circle ; nor does the air-bubbia in the tube (H H) correepond with the 
flle-marlu made on the Klaw. 
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nessby means of the addHional ball and socket, that the French 
plummet may be considered as being now scarcely necessary. 
In my letter to the Secretary of the Institution of Civil En- 
gineers, I pointed out the advantages vrhieh vrould result to 
the surveyor were the theodolite provided with a second ball 
and socket motion ; but no opportunity of trying this has as 
yet occurred. 

EsiHBOBeB, 18U. 



An Inquiry into the Nature of the Simple Bodies of Chemistry. 

By David Low, F.R.S.E,, Professor of Agricalture in the 

University of Edinburgh. 

In a former Nnmber we referred to this work, and we do so agdn, 
in order that we may enter our earl^ protest against certain attempts 
that have been recently made, not to refute the arguments em- 
ployed, bnt to run down the author. Fortunately for the interests 
of truth and Ecience, offences of this kind have now become rare. 
Mr Low's argument will be best stated in his own words : 

" The greater number of enbetoDcea witli wbicb we are conversant, are 
derivable one from another, and are therelbre termed Compound; but of 
the numerous class which we term simple, msaj are similar to one ano- 
tlier with respect to their essential chaiacters, and paaa the one into the 
other by scarcely psrceptible gradations, naj, pass into those we term 
compound, to tbe-t no line of natural division can be drawn between the 
two classes. Yet we bold tiie one class to be derivative or compound, 
and the oth^ to be derived trom no other bodies ; but to be, as it were, 
distinct products of nature, each formed of particles proper to itself. It 
is not enou^ ^t we explain the meaning which we attach to the term 
simple, as applied to these bodies, by saying that we hold them to be 
rimple, because we are unable, by tbe means at our command, to resolve 
them into other bodies mote simple. This is the mere expression of a 
fact ; but even were the fact establitdied beyond dispute, which it is not, 
we should not be entitled to regard the bodies in question as simple, in 
contradistinction to another class which we regarded as compound. 
By the terms simple and compound, we indicate two Orders of bodies, 
the most distinct, with respect to Uieir chemical constitution, which we 
cui conceive to exist in nature. But there is no such distinction in the 
ohemical and physical characters of the bodies themselves, as can war- 
rant us in assuming that they are distinct in their nature. The mere 
circumstance of our inability to compose or decompose the substances 
in the laboratory, furnishes, at the best, merely negative evidence. Su- 
perior means of anittysis, or a better use of the means we possess, may . 
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enable ub to prove bodies to be compound which we now hold to be 
simple. But even were it otherwiie, we have other meoiiB of investiga- 
tiou than the procesBee of the laboratorj, for conducting ub to truths in 
edeoce. We have induction and analogy, without which even eiperi- 
ment would fiul to conduct ub to the dUcoTery of natural laws. If the 
bodies which we term simple, present the same general physical proper- 
ties, and exert the same chemical actions, as those which we term com- 
pound, and pass into the compound bodies in their characters and 
Ainctions, the merely negative evidence, that we are unable to decom- 
pose tiiem by overcoming their chemical affinities, shonld not invalidate 
the conclnuon, that both classes are to be placed in the some order of 
natural bodies, and cannot be «epaiat«d the one from the other, by so 
wide a chasm as a distinct molecular constitution." 

Having enunciated his proposition, the author proceeds to the in> 
quir;, whether, consistently with the known laws of chemical com- 
bination, we can conceive the bodies regarded as simple to be re. 
si^vable into any other bodies more simple of their own order. He 
makes the supposition that they may be resolved into three, having 
the bweat atomic weight, namely, hydrogen, carbon, and oxygen. 
He thus adopts the method of reasoning so well known, of assuming 
certain premises, and determining their truth or error by the con- 
clu^ons arrived at. This is done by a review of all the tmdecom- 
posed bodies of chemistry, and of their relations with one another, 
and with the bodies which we know to be compound. The results 
are in many cases remarkable, but in no case, as far as we can per- 
ceive, inconsistent with the laws of chemical combination, as deter- 
mined by experiment. 

But of the three bodies referred to, one or more may be com- 
pound. Pursuing the same mode of reasoning, one of them is as- 
sumed to be compound, and this one to be oxygen ; because, while 
the known atomic weights of hydrogen and carbon, 1 and 6 respec- 
tively, will allow ns to suppose one or both to be resolvable into 
oxygen, the atomic weight of oxygen, 8, will not allow us to resolve 
oxygen into hydrogen or carbon. This is the second st^p of the 
argument, although carried on coincidently with the first. The 
author, therefore, makes the supposition, that all the undecomposed 
bodies may be resolvable into two of their own order, namely, hydro- 
gen and carbon ; and this supposition is to be tested, like the other, 
by its accordance or disagreement with the results arrived at. It is 
remarkable, that this st^e of the hypothesis, though arrived at by 
a different train of reasoning, agrees with a favourite speculation of 
Sir Humphrey Davy, who supposed that all the simple bodies of 
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chemistry, bo called, might be resolvable into two — -hydrogen and an 
unknown base. Under the present supposition, the be^ is inferred 
to be a jbiown body, namely, carbon, or the elements of carbon. 

But hydrogen and carbon may, one or both, be componnd bodies. 
The author, pursuing the train of his reasoning, shews, that we must 
then derive them irom an order of moleonles superior to that of 
known forms of matter. We are, therefore, directly led to a conclu- 
don, favoured by the most eminent metaphysicians, regarding the 
nature of matter, namely, that all matter is derived from some com- 
mon form of existence. The author arrives at this generalization ; 
but he does not pursue it to its results, because, as he states, it is 
not necessary for his argument, which is designed simply to shew 
that the bodies termed simple cannot be separated, as a distinct 
order of natural products, from the bodies which are determined to 
be compound, by experiment. 

It is difScult to comprehend why a speculation like this, within 
the &ir range of philosophical inquiry, should have been received 
with BO much bitterness by certain chemists. Are they afraid to 
have preconceived opinions shaken by the progress of inquiry ^ It 
must be confessed, that the author presses hard on some favoured 
opinions. He will have it, that chlorine is no more a simple body 
than cyanogen, with which it preserves the closest parallelism in its 
chemical actions ; that ammonia is not distinguished from the other 
alkaline bodies by any essential difference in constitution ; that if 
ainmoniimi, H'N, be a metal, all the other metals must be com- 
ponnd. He makes light of the many chemical formuln held to be 
established by something little short of demonstration. He asserts 
that we know nothing of the mode of existence of a compound mole- 
cule, and that all that a chemical formula can express is, the number 
and ratio of the elements which enter into any given body, or which 
are derived from it. We express no opinion upon this, or the 
author's other views. We only say that he argues the questioii fair- 
ly and temperately; and we doubt not he is able and prepared to 
defend his opinions, imd answer every fitir objection. 
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Notice of the Employment of the Flesh of Small Whalet for feed- 
ing Cattle m t/ie Faroe Islands. In a letter to the Editor 
from W. C. Theteitam, Esq. 

I yesterday receiYed a letter, dated June 2d, from the Faroe 
Islanda, which contains further information regarding the cap- 
ture of whales by means of nets, of which a notice appeared 
in the Journal for January. The total number of the Delphi- 
nus melas (Caung whale) taken in Faroe in 1843, was 3146, 
besides a few individuals of other species ; most of these were 
captured by means of the net before mentioned- The quan- 
tity of oil obtained from the blubber and exported, was 87,404 
gallons, and its value L.5665 ; besides this, about one-eighth of 
the blubber was salted for food, and some oil reserved for 
domestic uses, &c. During the past winter, a novel but im- 
portant experiment has been tried with the flesh of these ani- 
mals : — it was then for the first time used as food for cows, 
and apparently with perfect success. For this purpose the 
flesh is cut into long and narrow strips, and dried, without 
salt, in the air, in the same manner as when used for food by 
the natives ; when well dried it will keep good for two years. 
When used,4t is cut into pieces two or three inches long, 
and slightly boiled ; any oil rising to the surface is skimmed 
off, and then the soup and meat are given to the cows, to- 
gether with about one>half or one-third the usual quantity of 
bay. On this food they appear to thrive well, giving an in- 
creased quantity of milk ; and neither it nor the cream has 
any unpleasant flavour, as they have when the animals are fed 
on dried fish, as in Iceland and other northern countries. 
Many cows have usually perished in Faroe from the scarcity 
of fodder in winter; and my correspondent, the Rev. Mr 
Schroter, (who has for many years exerted himself in improv- 
ing the condition of his fellow countrymen), calculates that the 
lives of more than 600 cows were saved last winter by the 
use of this food ; which, he remarks, might be found of value 
for the same purpose in Shetland and Orkney, where, from 
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the flesh of the Delphinns being disliked as food, great quan- 
tities of it are wasted which might bo profitably employed in 
this way — a more valuable application of it than for manure, 
as formerly suggested ; and if the supply were at all regular, 
it might enable the inhabitants to increase their stock of cows 
in winter, and thus add much to their domestic comfort. 
Gdiibdsqh, 2SEA Junt 1814. 



Report on M. Alctde lyOrbigny's Memoir, tnlitled General 
Considerations on the Geology of South America. By M. 
Elib oe Bxavuont. 

Concluded from vol, xxxvl p. 62. 
Erratic WocA».— The deposit of erratic blocks, not less mys- 
terious than that of the loam formations, also exbts in South 
America ; but there, as in Europe, it is placed at the side of 
the loam, and appears to be parallel to it. The Pampean loam 
ia rarely mixed with pebbles, and it is only so in the moun- 
tains. Messrs D'Orbigny and Darwin agree in saying, that 
there is not a single rolled pebble to be met with on the sur- 
face of the Pampas-t It is different in Patagonia, where the 
Pampean loam does not exist, and where the Patagonian ter- 
tiary formation is everywhere exposed- The surface of this 
tertiary formation appears, according to M. D'Orbigny, to have 
been furrowed by great currents of salt water coming from the 
west. It is those currents which, according to him, have not 
only formed vast depressions and extensive valleys, but have 
also every where left, at the surface of the rocks, a thin mix- 
ture of round and small porphyritic pebbles, derived, doubt- 
less, from the rocks by which the Cordillera is composed. 
These porphyritic pebbles, distributed over the surface of the 
tertiary formations of a large part of Patagonia, do not extend 
over the Pampean loam. Their transport must, tlierefore, have 
been contemporaneous with the deposit of loam, or anterior 
to it. 



• From I'Infltitut, No. 540, p. 154. 
f Darwin'B Geologj of the Voyage of the Beagle ; iDtroduction, p. i 
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It appears that these pebbles increase in size towards the 
south, and at last pass into erratic-blocks. These blocks, dis- 
tributed in great abtindance over the southern extremity of 
the American continent, as they are over the northern extre- 
mity both of the new world and of Europe, were not observed 
by M, U'Orbigny, but they have afforded Mr Darwin a num- 
ber of carious observations. The most northern point at which 
they were noticed by this distinguished traveller, on the plains 
of the eastern portion of South America, was on the banks of 
the river Santa Cruz, in S. lat. 50°, IC, a latitude corresponding 
to that in which the phenomenon of erratic blocks derived 
from the north becomes much less intense in the northern 
hembphere. Erratic blocks are not met with in Fati^ma 
near the coast ; in ascending the river of Santa Cruz, they have 
not been remarked nearer the coast than 112 English miles, 
and that 74 English miles from the foot of the Andes at the 
nearest point ; they consist of compact clay slate, a felspathic 
rock, a very quartzose chlorite slate, and basaltic lava. They 
are generally angular, and their dimen^ons are frequently 
^gantic* 

What are the relations of these erratic blocks to the Pam- 
pean loam t The question is here the same as in regard to 
Europe and North America, because the blocks and the loam 
sticceed each other in the same order of succession as we ad- 
vance from the pole to the equator, and the blocks cease where 
the loam commences.-|- 

Becent AlluvicU DeposiU. — The Pampean loam, although 
very recent, is, nevertheless, not the newest of the deposits 
which are spread over the surface of South America. It is 
itself covered by deposits of two different kinds, but which 
M. D'Orbigny regards as contemporaneous. On the great 
Bolivian Plateau, and in the province of Moxce, there are thick 



• Darwin, od the dietribution of the erratic boulders, and on the con- 
temponmeoua anstratdfied deposits of South America. {Trantaetsiont of 
the Oeohgical Sociefy, 2il Series, vol. ti. p, 415.) 

t Vide Report on the Memoir of M. do Castelnau, Comptes Bendas, 
t. xvi. p. 535. 
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tiUuTial deposits whose age has been indicated to M. D'Or-' 
bigny by human remains. They are, according to him, a]l 
posterior to the commencement of our epoch. In the Pam- 
pas, there are, moreover, over a large extent of sorface, me- 
danoa (ancient downs of sand) ; and near the coast, at Bihn 
Blanca, at San Pedro, &c-, beds of shells analogous to those 
which exist at the present day in a living state in the neigh- 
bouring seas. 

M. D'Orbigny was for a long time in doubt as to the age of 
the alluvial matters which cover the Pampean formation at 
the eastern base of the Andes, but an observation made in the 
province of Mozos enabled him to determine k. He found 
on the Rio-Securi a hank 8 yards in height, composed, at its 
lower portions, of 2 yards of Pampean formation, and above, 
of 6 yards of alluvial deposit. At a little distance from the 
Pampean fonnaUon, in the lowest beds of the alluvium, he 
discovered a great number of fragments of earthen-ware, which 
proved the former residence of the ancient inhabitants ; this 
discovery affi)rded certain evidence that these alluvia (if they 
are all contemporaueoos), are poeterior to the creation of 

At the extremity of the bay of San-Blas, at a place named 
Ria e ko dsl ImfiUtf M. DX)rbigny found superimposed on the 
tertiary sandstoDe,--«n immense arenaceous bed, containing, 
along with crystals of gjpsnm, a great number of shells of 
Gasteropoda and Acephala identical with those which now 
live in the hay. This bed, situated about a mile and a quar- 
ter from the -sea, was half a yard above the highest tides. 
The shells were in the position in which they had lived, and 
the acephala had their two>alve6 imited. The tides in these 
latitudes rise upwards of eight yards ; these shells occur about 
half a yard above the highest ; at present they live at a dis- 
tance of two miles and a half from thence, below the lowest 
tides. We may hence conclude that the shells in this bed 
are elevated about ten yards above their present positioo. 

The environs of Monte Video present hills of gneiss, at the 
base of which reposes a bed of marine shells, at the height of 
four or five yards above the La Plata ; the species are indeed, 
different from those which live in the brackish water of the 

VOL. XIIVll. NO. LXXIll. — JUtT 1844. H 
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bay of Monte. Video itseE but identical 'tvitk those of tho 
maritime coasts, at a distance of 74 miles nearer the montii of 
the river. M, IVOrb^y observed in the neigbbonrhood of 
San-Pedro, on the totea plains, aboat thirty yards above th« 
coasts of the Parana, small moonds, about two or tliree yards 
higb, having an elongated form, and, generally speaJung, the' 
same direction as the course of the Parana. These monlids 
are composed of very fine sand, and are so filled with shells 
that they have received from the inhabitants the name of 
eonckUlat. These shells belong to the species Aeara labiata, 
which no longer lives near San-Pedro, and is not met with, 
descending the river, sooner than at Riacho-dorlas-Palinas, not 
for from Buenos Ayres ;. it abonnds in the fresh and brackififa 
water of the month of the Plata. These mounds, whose thick- 
ness and extent are so considerable that they have been used 
for the mannfactnre of hydraulic lime, oannot have been accur 
mulated by man. If, on the one hand, tJic state of preservor 
tion of the shells proves that they belong to a deposit contem- 
poraneous with the human epoch, the fact of their two v^ves 
being united, and their perfect preservation, forbid, on the 
other hand, the idea of their having been transported, and 
prove that they lived at no great distance, if not upon the 
very spot where they are now found. These depoeite are evi- 
dently connected with the cause which has given rise to. the 
formation of the medtmos, or ancient downs, which are found 
distributed very far from the sea in the centre of the Pampas, 
towards the south. 

To the west of the Cordillera, analogous moundsi cootainrng 
the shells which occor on the present coasts, have been observed 
at Talcahuano, at Coquimbo, at Cobija, at Arica, and at Lima, 
over an extent of upwards of 1600 miles. 

The recent shells observed by M. D'Orbigny in the raised 
beaches of the two shores of South America, hava given rise 
to two very interesting remarks. The first is, that all titese 
shells have their analt^es in the neighbouring seas, and that, 
as a whole, they exhibit on tl^ two sides of the Andes as great 
a difference as is presented by the existing faunas of these, 
two seas. Whence it necessarily results, that at liie E^woh 
when they lived the two seas were already separated* The 
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beeond observation made by M. D'Orbigny ie, diat the recent 
shells of the raised beaches of the two coasts of South Ame- 
lica, ar& all in the natural portion in which tliey lired, the 
8cephala baring their two valves united uid placed vertically. 
This fact supports the idea of a sudden movement, and not a 
gradual elevation of the coast, as has been supposed by some 
authors. The study of the present coasts proves, that when 
the sea gradnally abandons a shore, it leav^, everywhere on 
the uncovered portion, shells, which are exposed for a long 
period io the incessant movement of the waves, and which 
soon become more or less rounded, no one remuning in its 
ori^nal position. Nothing of this kind presenting itself in 
tiie elevated deposits visited byM. D'Orbigny, it seems to him 
evident that these shells had been suddenly and instantaneously 
rused from the bottom of the sea to the he^ht which tiiey 
DOW oceapy. This leads him to conclude that a sudden- 
movement has taken place on the sur&ce of America, whose 
traees are preserved, on the one hand, in die terrestrial allu- 
via ; and, on the other, in the elevation of the marine beds of 
the coasts of the two oceans. 

The terrestrial alluvia anA the marine beds which cover IJie 
Pampean tertiary formation, would thus be contemporuteous 
with the species which now live on the globe ; while the Pam- 
pean forma^n itself, from its torestrial &nna being very dif- 
ferent irom tlie famia of the present day, would belong to a 
very difiEerent acterior epoch, characterised by large animals' 
of a lostTa<!e. Thus, while on the one hand, the Pampean 
fonnation seems to refer to a great event which destroyed the 
megatherium atid the mylodon, it wonld seem equally pro- 
bable, tliat since the existence of the present &una there 
have been general and transput causes which, at Uie same 
time that they elevated a portion of the shore, as well of the 
Atlantae as c^ the Pacific Ocean, conttuning organieed bodies 
identical with those living at the pfeseat day, have also de- 
nuded the plateaux and mountains, and have transported to 
iha Pandas and to- the plainsofMoxos those immense mass^ 
of alluvial matter which are there observed, and whose mo- 
dem origin is indicated, as we have already mentioned, by 
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the products of human indostry discovered hy M. D'Orbigny' 
at the Rio-Securi. 

It is, doabtless, Bofficieaily difficult to trace with certainty 
the line of demarcation between the ancient nused beaches,- 
and thoee beaches which are from time to time elevated by 
eartiiquakes on the coasts of Chili, as well as between thO' 
alluvia of the present day and the vast alluvial deposits of the 
great plains of the interior of America. Nevertheless, the fine 
sand, sometimes containing shells, which covers the Pampas ; 
the medanoi, or ancient downs of the same pl^ns ; the sands 
which form elongated hills in the east of the province of Co- 
rientffl ; the gravels and sands of the great Bolivian plateau ; 
the immense alluvia of the environs of Santa-Cruz-de-Ia- 
Sierra^ of the plains of Moxos, and of the province of Chiqui- 
tos ; all these deposits, more modem than the Pampean for- 
mations, cover them too generally, and too uniformly, not to- 
induce us to suppose that they are traces of a general pheno- 
menon. The same is the case with the deep denndatioos, so- 
different from those produced by ordinary running waters,- 
which have famished their materials. 

Ancient Bedt of Torrents. — This is the natural place for 
noticing one of the most curious observations made by the 
author. M. D'Orbigny has pointed oat at Cobija, at Arica, 
and over the whole coast of the Pacific Ocean, ancient beds 
of torrents, which, subsequently to the last movements of the 
surface of South America, furrowed the whole slopes of the 
Cordillera, fi:om the summits to the shore. He is convinced 
that these ancient beds of torrents, occurring in a region 
where it has not rained in historical times, have not been 
derived from local rains, hut mast be attributed to masses of 
water which descended from the Cordilleras alone. At the 
present day an aqueous cloud is never seen on the monntiuns 
of the western side ; a patch of snow is never visible on this 
slope of the Cordilleras. In order, then, to explain these tor- 
rents whose traces are observed over a great space, it is ne- 
cessary to suppose that the Cordilleras for a time received 
rains or snow which they no longer receive ; an aqueous phe- 
nomenon mnst thus have occurred on the mountains analogous 
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to that whose traces are visible on all the great mountains of 
Europe. These facts are remarkable in tbemselrea, and the 
approximations to which they may give rise seem to us wor- 
thy of all tbe attention which the author bas bestowed on them. 
They will remain as landmarks, without doubt still too few 
in number, in the midst of the discussions which they will not 
fail to originate. 

General Obtervationa. — ^From all that we bare said, it thus 
appears that the stratified formations of South America may 
be divided, according to M. D'Orbigny, into eight very dis- 
tinct groups: — I. lT»e old crystalline formations, in which 
gneiss predominates ; 2. The Silurian and Devonian transi- 
tion ftirmations ; 3. The Carboniferous formations ; 4. The 
Triassic formation ; 5. Tbe Cretaceous formations ; (t. The 
Goaranian and Fatagonian tertiary formations ; 7. The Pam- 
pean loam ; 8. The modem deposits, which ho also terms di- 
luvial, from the nature of tbe cause which has produced them. 

These difierent groups of beds have positions which are aU 
tf^ether dissimilar and discordant; and, according to M.IVOi^ 
bigny, these discordances result directly from tbe dislocations 
which have changed the surface of America, and have given 
rise to the chains of mountains which traverse it. In the same 
manner as has been attempted in Europe, and as M. Fissis 
has attempted in regard to Brazil,* M. D'Orbigny has endea- 
voured to connect the interruptions of continuity presented 
by the series of American formations, with the successive ap- 
pearance of tbe chains of mountains which form the principal 
features of the relief of South America. His classification 
embraces two systems of mountains already pointed oat by M. 
Pissis. As we have already said at the commencement of 
this report, a very old gneiss formation presents itself over a 
great extent of country on tbe eastern coast of South Ame- 
rica. It occupies the eastern portion of Brazil, to the east of 
the Mantiquiera, from the 16th to the 27th degree of S. lati- 
tude, and there forms a series of small chains, whose general 
direction is, according to M. Fissis, from east 38° north, to 



' Vidt the BappoTt on the Memoir of M. Pisue, Comptei rendua, 
crii. p. 28. 
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west 38° south. This sptem, which M. lyOrbigDy names the 
Brazilian system, would seem to be one of the most ancient 
which we can trace throu^ the posterior modifications of the 
croEt of the globe. M. Fis^ regards it as anterior to the 
transition formations of Brazil, and perhaps it preceded the 
soulhvement of the most ancient s^tem of moontsins hitherto 
described in Enrope. It is probable that it affects to great 
distances the fundamental rocks of America ; for the general 
direction which we have just indicated differs but little from 
that of N. 45° E., which M. de Humboldt, at the be^nning of 
this century, pointed out in the slaty rocks of the coast of 
Venezuela, and in the mountains of granitic gneiss, from the 
lower Orinoco to the basin of the Rio-Negro and of the Ama- 
zon.* 

Nevertheless, the hills of gneiss which occur in the Pampas 
between Cape Corientes and the Sierra of Tapalquen, as well 
aa the hills of Monte Video, are characterised by a different 
direction, running from W. 26° to 30° N., to E. 26° to 30° S. 
M. D'Orbigny gives them the provisional name of Pampean 
system, and he thinks that this system is nearly as ancient as 
the Brazilian system. If subsequent observations confirm this 
conjecture, the relations of these two systems, whose direc- 
tions are nearly perpendicular to each other, will naturally 
recal the relations which subsist in Europe between the West- 
moreland system and the system of the Ballons. 

In the midst of the multitude of dislocations of which the 
Silurian series presents traces, M. D'Orbigny has endeavoured 
to ascertain the soulevements which affected this system before 
it was covered by subsequent formations, but he has not been 
able to define any one of them with certainty. He has not 
Aucceeded better with the Devonian system, for a most atten- 
tive examination of the innumerable multitude of mountains 
aod hills belonging to this series has not enabled him to dis- 
cover any system of dislocations specially limited to itself; but 
in Brazil M. Pissis has pointed out a system of dislocation 
which he regards as immediately posterior to the formation 

* Humboldt's Eaaai Q^ognoBtiqiie but le Oiiemeiit des rochei dons 
les deux hfmiepIieiM, p. ^ 
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of the transition series. " whose deposition,^ he says, " was 
interrupted by commotions which elevated it at some parts to 
& height of a thousand or eleTen hmidred yards above the level 
of the sea, and produced at Other points large fissures running 
east and west, throa^ which escaped diorites, that minml 
themselves like lavas, and modified the rocks they met with. 
The most elevated mountains of &^t2il, those of the province 
of Minas Gera^'s, viz. Itacolmni, Caraca, Morro Itampe, and 
the plateaus to the south of San-Paolo, belong to this 
souHvement, which gave the beds an EW. direction, and 
communicated to the sur&ce its present form."* 

M. D'Orbigny terms the whole of the ridges formed by this 
dislocati<«i Itacolumian ^tlem. He would be induced to con- 
nect witli it the mountains of the Malouine Islands, which 
he designates by the name of the Malouinian system, if it 
should be ascertained that these mountains are formed of 
Silurian beds having an EW. direction. 

Thus, according to him, the gneiss islands, which form the 
most ancient portion of the American sur^e, were extended 
towards tlie west by dblocations, which took place after the 
deposition of the transition formations, while, perhaps, new 
points were elevated firom the bosom of the waters in the 
Malouine Islands, and near Cochabamba, in Bolivia. This 
phenomenon appears to have been anterior to the deposition 
of the carboniferous system, subsequently to which new dis- 
locations occurred, whose most marked traces were observed 
by M. D'Orbigny in the province of Chiquitos. 

The hills of this province have gneiss for a fundamental 
rock, on which repose silurian and devonian beds ; and these 
are covered by sandstones referred by M. D'Orbigny to the 
npper layers of the carboniferous sj^tem, and flanked by triassie 
beds, and by tertiary deposits. These hiUs present a general 
parallelism which renders them a well characterised system, 
having a direction from ESE. to WNW., and to which be- 
long the chains of Farecys, of Diamantino, and of Cuyoba, in 
the western pcnrtton of Brazil. M. D'Orbigny terms the whole 



* Fiana, ComptoB rendus des S^anceB de rAcodemie des Scieaces, 
t xiv. p. 10*4. 
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the Chiguieian aygtem, and considers it as posterior to the last 
carboniferotis layers, and as anterior to the trias, seeing that 
the last beds which are seen to he deranged belong, accord- 
ing to him, to the carboniferous system. 

The production of a great system of dislocations in South 
America at this epoch, is confirmed, according to M. D'Or- 
bigny, by the immediate contact of the variegated clays of 
the region situated to the east of Cochabamba, with the de- 
vonian formations. This contact seems to announce a denur 
dation of the carboniferous formations anterior tp the deposi- 
tion of the triassic series. 

The hills of the Chiquitlan system nearly join the moun- 
tains of Brazil at the base of the Andes. We have thus a 
new appendage added to that already formed by the Itacoln- 
mian system. When we cast our eyes over tlie geological 
map of Bolivia prepared by M. D'Orbigny, it may appear at 
the first glance that there are numerous features of resem- 
blance in the arrangement of the formations of the hills of 
Chiqnitos, and of the eastern chain of the Andes. However, 
the direction which predominates in the mountains of Chir 
quitos is not exactly the same as that of the ridges occurring 
on the flanks of the Cordillera, to the south-east of the 
pliuns of Moxos and of Santa-Cmz-de-la-Sierra, and the 
height of the two masses of mountains is too different to make 
it natural to suppose that they should be referred to one and 
the same epoch of soulevement. 

The colossal mountains which rise above the north-east of 
the lake of Titicaca, and with which is connected the whole 
eastern region of the Cordilleras, from the fifth to the twen- 
tieth degree of south latitude, or, to speak more correctly, the 
Andes properly so called, the Antis of the ancient Incas, form 
a distinct system, to which M. D'Orbigny has given the name 
of Bolivian ag$tem. The mean direction of tlus system, very 
different from the directions which prevail in the rest of the 
Cordilleras, is from SG. to NW. The ridges componng it 
consist of elevated beds of the silurian, devonian, carbonife- 
rous, and triassic formations. This celebrated Nevados of 
niimani and of Sorata. ascertained by Mr PenUand to be 
the most elevated summits of the New World, are the two 
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culmiii&tuig points of an axis of granatoidal rocks, ruaniag 
from SE, to NW., and which having donbtlesa been derated 
through a great crevatae, has been the cause of the elevation 
of the whole Bolivian system. 

This elevation took place after the deposition of the triae, as 
is shewn by the triassic beds which M. D'Orbigny has seen 
in an inclined position, and at a height of more than 4000 
yaida above the sea. The triassic formations form the last 
upraised beds in the diflEerent localities where they have been 
observed in Bolivia. At all the parts of the Bolivian Bystem 
where M, D'Orbigny has seen them, when they are covered, 
they are so only by horizontal beds of the Pampean formations, 
or by modem alluvia, products which are entirely terrestrial, 
and not marine. It thus appears certain that the Bolivian 
system has assumed the characteristic features of its outline, 
subsequently to the period of the triassic formations. We 
may also conjecture that this phenomenon took place before 
the deposition of die Jurassic and cretaceous formations, for 
otherwise these formations would have been deposited on the 
trias of Bolivia, and would have been upraised along with it. 

Probably, therefore, it was between the triassic and the 
Jurassic periods, or nearly at that epoch of our European 
cbronol<^y, that the whole mass comprised between the west- 
em plateau of Bolivia and the plains of Santa-Cruz and Moxos 
was elevated above the ocean. 

Endeavouring to complete, at least in a conjectural manner, 
the tableau of the great geological phenomena of which South 
America has been the theatre and the product, M. D'Orbigny 
is led to suppose, from the obeerrations of the latest travellers, 
that two great dislocations took place during the great creta- 
ceous period : the one, represented by the Columbian tystem, 
running firom N. 33° E. to S. 33° W., formed the mountains of 
Suma-paz and of Quindiu, elevating the cretaceous formations 
of the plaUau of Bagota ; the other produced the Fuegian 
system, which occupies the western portion of Terra del 
Fuego, and runs firom N. 30° W. to S. 30° E. 

The effect of these different and successive phenomena 
must have been to elevate above the ocean the principal 
mountainous centres of South America ; but these different 
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gioaps conld not iten lutre been yet connected togeAet hf 
the great continuous chain of the Cordilleraa. This vast chun 
is sinuouB, like our Alps. It presents different portions which 
are very variously disposed : without speakiog of those which 
M. D'Orbigny refers to the Columbian and the Fnegian sys- 
tems, and without leaving the region examined by bimsell^ 
two very distinct directions are, observed. From the Stndts 
of Magellan to Bolivia, over a space of 35% which embraces 
the whole length, of Chili, the Cordillera runs £rom S. 5". W. 
to N. 5° E. ; afterwards, in Bolivia itself, it makes a sudden 
bend to the west, and runs from SE. to NW. On entering 
South Peru, the mountains preserve a constant parallelism td 
those of Bolivia, as ^ as the fifth parallel of south latitude ; a 
fact which permits us to suppose that the geological lines ob- 
served by M. D'Orbigny in the Bolivian system, to the east of 
the Cordillera, properly so called, extend as £tr as that latitude^ 
thus embracing a total extent of 13°. Further north, the 
chain again changes its direction, uid takes that of the Cordtl' 
lera of Chili. 

Thus, in the region comprised between the Straits of Ma^ 
gellao and the equator, the Andes present two great systems 
of mooutain-chainB aud valleys. These two syatems, which 
M. D'Orbigny designates the Bolivian system and the Chilian 
system, cross each other nearly in the same manner as the 
systems of the Western Alps and of the principal chain of 
the Alps cross in Europe, and they appear likewise to be the 
result of BUGceseive dislocations. 

The circumstance that the Cordillera, in the region between 
Terra-del- Fuego and Quito, is composed of several large frag> 
ments variously placed, and probably of different ori^s, is con- 
nected with a curious iact, which confirms, in a remarkable man- 
ner, the reality of the distinction founded on the diference of 
ditections. No earthquake has ever been felt on the great 
Bolivian plateau. This, at least, was what M. D'Orbigny was 
informed, and it corresponds with his experience in the lati- 
tude of Arica. It is natural to ask, if the presence of tha 
Bolivian system in this latitude has not some influence con- 
nected with the limitation of earthquakes. It appears, in &ct, 
that very violent shocks are experienced in the centre of tba 
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CoidiHeis of Chili, simttltfrneooely witJi the earthquakes which 
rarage &e coast, near to which they take place with their 
maximiiiii of intensity. 

Another peculiarity which dietinguishea the Chilian system 
from the Bolivian system, is the presence of patches, which 
are still problematical, of the Jurassic formation, and of largely 
developed masses of the cretaceous formation, in beds much 
dislocated and raised to great heights. According to M. IXh;- 
bigny, it was after the cretaceous period, but before the period 
of the tertiary deposits, that the Chilian system had its origin. 
It was produced by the eruption of the porphyritic rocka, or 
perhaps only of a portion of these rocka, which, in South 
America, are of varioua kinds. M. lyOrb^ny found at Co- 
bija on the coast of the Pacific, sienitic porphyries of a blackish 
colour and very compact ; at the Morro of Arica, pyroxenic 
porphyries ; at Paica (Bolivia), and at Machacamarca, sienitic 
porphyries ; in the mountains of Cobija and of PaIca (Peru), 
and throughout the whole western line of the Cordilleras, he 
found a great variety of old amygdaloidal wackes, containing 
a lai^ quantity of different substances ; at the Missions, there 
is a greyish or violet-coloured amygdaloidal rock. Porphyritic 
rocks have also been observed by Measra Gay, Darwin, and 
Domeyko, in different parts of the Cordillera of Chili. 

According to M. D'Orbigny, the termination of the creta- 
ceous period was marked in South America by a series of dis- 
locations, which occurred to the west of the land already pro- 
jecting from the sea, and which gave to the Cordillera of Chili 
its first relief, by permitting the elevation of a continuous 
series of porphyritic masses. This vast porphyritic eruption 
took place in the direction from N. 5° E. to 5° W, between 
the Straits of Magellan and the junction of the Chilian sys- 
tem with the Bolivian system, which the band of eruptive rock 
has accompanied to the west, elevating the cretaceous forma- 
tion of the plateau of Guancavelica. The" violent commotion 
of the water caused by this movement had, as its resittt, ac- 
cording to M. D'Orbigny, the formation of the Guaranian ter- 
tiary deposit, which covers the province of Moxos, and which 
seems to be spread over the bottom of a large portion of the 
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basin of the Pampas. There is thus attributed to this deposit 
an origin analogoiis to that which has often been attributed in 
Europe to a portion of the plastic clay formation. The absence 
of fossils in the Gruaranian deposit, its iuTariable ferruginous 
nature, and its imperfect stratification, would seem iavonrable 
to this supposition. 

A new period of repose haying then succeeded to the dis- 
turbances, the tertiary seas extended to the east and to the 
west of the Chilian system. The marine sedimentary deposits 
of the Patagonian formation began to extend over theGuaran- 
ian formation. Terrestrial streams transported &om the 
neighbouring continents bones of mammifera, ^agments of 
wood, and fluviatile shells ; some of them coming, no doubt, 
from the ridge of the Chilian system, would convey &om the 
SE. bones, still provided with their ligaments, into the Pata- 
gonian sea, while others arrived from the great northern con- 
tinent, that is to say, from Brazil, which had already emerged 
in a great measure from the ocean. The continent of South 
America already possessed, so to speak, in the state of outline, 
the configuration which it was to preserve ; it already present- 
ed s chain rising above the ocean, indicating the course of the 
Cordillera from N. to S., and thus separating the Atlantic Ocean 
from the Pacific Ocean by a narrow tract of land, similar to 
the isthmus of Panama of the present day. We can thus con- 
ceive how the tertiary formation of the two sides may have 
been contemporaneous, although they do not contain species 
of fossil shells common to both ; and, notwithstanding the 
reservations which we have made above, it must be confessed 
that the hypothesis proposed by M. D'Orbigny, explains so 
happily the complete difference of the Faunas of these two 
formations, of at least a nearly similar age, that it is difficult 
not to regard it as possessing a very considerable degree of 
probability. 

But the seas which then encroached so largely on the form 
ultimately assumed by South America, receded and removed 
from the base of the Cordillera, leaving the continent to in- 
crease in size, towards the east, by the amount of all the space 
occupied by the Patagonian tertiary formation, and towards 
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&& west by the tract occupied by the tertiary formation of 
Chili, whidi runs along the whole extent of the Chilian Cor- 
dillera. 

M. D'Orbigny connects this event with the appearance of 
the traohyteB which were erupted in the axis of this Cordillera, 
and which completed its relief at a very modem epoch. 

By studying the position of the trachytes, and of the tra- 
ohytic conglomerates, M. D'Orbigny has been able to convince 
himself that these two species of rocks have performed very 
different parts. His maps shew, in &ct, that the solid trachytes 
must have risen in an incandescent state, at different times, 
over great lines. Sometimes elevated in pasty masses nearly 
solid, they have given rise to those obtuse cones so remark- 
able, and at the same time so characteristic, which, at the 
summit of the Cordilleras, have absolutely the same form as 
in Auvergne. If at other points these rocks have a stratified 
appearance, this evidently results firom the eruption of more 
ot less liquid masses, which have spread themselves out in 
sheets. Of this we have an example in the section left by the 
Rio Maure, where the author distinctly remarked the alterna- 
tion of masses of trachyte with pumice conglomerates; and 
also on the coast near Tacna, where the pumice conglomerates 
cover thin layers of trachytes. With the exception of the 
alternation observed near the Rio Maure, M. D'Orbigny has 
always found the trachytes under the conglomerates. The 
former present very various asperities, while the latter every- 
where form masses like beds, nearly horizontal, which level 
these asperities. The pumice conglomerates are composed of 
alternate beds of pumice, mote or less considerable, or of frag- 
ments of obsidian, and the component ingredients are not 
united by any kind of cement, a circumstance which leads us 
to believe that the conglomerates have been ejected in the 
state of cinders, during the eruption of the trachytes, or pos- 
terior to it. We may even ask if all the conglomerates be- 
long to the same epoch as the trachytes, and if their superior 
position does not shew that they sometimes belong to a more 
modem period. 

In South America, the trachytic rocks only shew themselves 
in the chain of the Cordilleras, and there most frequently ac- 
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company pcurphyri:^ rocks. In SoUvia, they only pree^t'- 
tiiemselTes (hi the Great Bcdivias Plateau, on the Western 
PUiteau, and on the vestem side of the Goidillera. No one 
lias obwrved them in BiaziL 

M. D'Orbigny admita thai^ on the -waatem side of the long 
Tidge which fbrmed the first oatline tA the Cwdiliera, and eon- 
sisted of elemuits bahmging to the different systemB men- 
ttoned above, a new opening took place, and incuLdescent' 
trachytic matters, pushed with Titdence towards this vast out- ' 
let, esoqted in all directions, dislocated the porphyries mid the- 
cretaceoos rocks, and inraded the whole summit of the chain. 

In the immense mass of Bolivia, eventa apparently more 
complicated took place. The lines of dislocation of the Chilian 
system meeting with relieft existing previouBly to the BoliTian 
system, and not being able to &acture this great mass, ex-' 
tended to the vest, as the porphyritic rocks had dtme pre- 
Tioosly. The trachytes and their conglomerates, which, ae- 
cording to M. De Humboldt, form an immense dome on the 
Plateau of Quito, formed, according to M. D'Orb^ny, another 
dome on the Westom Plateau of Bolivia. Moreover, th^ie 
rooks issued through fissures in the sedimentary rocks, alcmg 
that line, so intorrupted by trachytic eminences, which, to the 
east of the Great Bolivian Plafetm, braders the foot of the dis- 
locations of the Devonian rocks from Achacoche to Potosi, 
They are not the primary cause of the Bolivian system, but 
they upraised some portions of it, while, at the same time, 
they perhaps communicated to the Chilian GordUlera the 
greater part of its external shape. The trachytes thus acted 
in the New World as in Southern Italy and in Greece, where 
their lines of eruption fc^wed those of qPBtems <^ moontains 
(^moreandent origin, especiallyofthe system of the Pyrenees; 

A dislocation of 50°, or upwards of 3400 En^ish miles in 
length, whidi produced one of the highest chains in the world, 
and which elevated above the ocean all the marine tertiary 
formations of the Pampas over an immense extent, could not 
have taken place without causing a proportional displacMsent 
in the waters of the sea. It was then, according to M. 
D'Orbigny, that the latter, being agitated with viol^ice, in- 
vaded the continent, destroyed and transported the great ter- 
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MBtriai nnjawlfl of the extinct faana, Bueh as the Hfylodon, the 
Megalonyx, the Megatherium, the Platonyx^ the Toxodon, and 
t^e Matlotkm, d^odting them, aloi^ vith earthy matters, at 
all heights, in the terrestrial basins or in the nei^booring 
seaa. Those matters simnltwieoiudy tnm^rted and deposited 
w the Plateaux o£ the Cordilleras to a height of 13,000 feet 
above Hie ocean, on ihe plains of Moxos and Chiqnitos, and 
OTez the nhole bottom of the great basin of die Pampas, consti- 
tuted die Pampean formation. This Pampean formation, 
vhidt oocnrs in horizontal beds at all heights, which is every- 
vhsre composed o£ the same loams, and which <mly contains 
remains of mammifeio, could only have been produced by a 
general terrestrial canse. M. lyOrbigny believes that he has 
discoTered this cause in one of the soul^vementa which took 
place in the Great Cordillera, and which must have produced 
a jsnddfiD die^rlacement of the waters of the ocean ; which lstt«T, 
mored and agitated with violence, invaded the continents, and 
destroyed the great terrestrial animals, transporting them tu- 
multoously to liie lowest portions of the oontinents, or into the 
bosom of the deep ,* and it is ervidently to the soulSvement of 
tiie trachytes alone that the phenomenon can be attributed. 

ti. D'Oibigny has remarked that, at some points on the 
Bdivian Plateau, the trachytic conglomerates appear to cover 
the Pampean formata<m, a circumstance which would lead to 
&e belief that they aze posterior to diat great deposit. This 
observation coincides with the one noticed above, viz. that the 
ttaehytac cm^nlometates do not appear to be all exactly of the 
■ame age. The greater part are contempOTaneoue with the 
Pampean lonnatioo, but some of them are posterior. In 
Anvergnet the numermis mammifera of the fauna anterior to 
that epoch, and which are found at various localities, are en- 
neloped by trachytic rocks and their conglomerates. We have 
here tut approximation which may not be without its value. 

To this movement may perhaps be referred or compared many 
&cts.Qbserved in various parts of the sur&ce of the globe, since we 
everywhere meet vrith remains of a terrestrial &una, now ea- 
tirely extinct ; and because, in a multitude of locaUties, we 
find deposits aaali^ous to those of the Pampas, containing 
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bones of tlie mammifera, belonging to spedes whidi Have beenr 
destroyed. 

The appearance of the tiachytic rocks of which the highest 
sammitf of the Cordilleras of Chili and Peru are composed, 
does not, however, seem to have been the last of the great 
geological movements of which South America has been the 
theatre. This eruption seems to be connected with the origin 
of the Fampean loam, and this formation ie covered, as we have 
seen above, by other deposits, which indicate another and more 
modem great event This last great event can only be sought 
for in the first outburst of the American volcanoes now in ac- 
tivity, which, up to the period juet mentioned, had not yet 
commenced the series of their eruptions. The long line of 
the volcanoes of ChUi, ranged in accordance with the fuds of 
the trachytic zone, is the extreme link of that great sig-zag 
volcanic chain, which, resting on the half of a great circle of 
the earth, described from the republic of Bolivia to the Birman 
empire, marks the limits of the great mass of the American 
and Asiatic Continents, and of the vast oceanic extent of the 
Pacific. It was, without doubt, a memorable day in the his- 
tory of the inhabitants of the globe, and perhaps even in the 
history of the human race, when that immense volcanic battery, 
which does not include less than two hundred and seventy 
prindpal orifices, was opened for the first time. Perhaps the 
traditiotu of a univeraal delttge are connected with this great 
event, which could not fait to be a fearful diaaater. The au- 
thor is favourable to this opinion, which had already been pre- 
viously proposed, but only as an hypothesis. He adduces, in 
support of it, many facts which, even although they should 
remain isolated, seem to us deserving of the attention of geo- 
logists. 

We have already quoted Uie observations according to which 
M. XyOt\>\gaj concludes that the recent elevated shells on the 
shores of the Atlantic and the Pacific could not have been 
nused by a slow action, but by a sudden movement. These 
remarks, together with the &cts also noticed in relation to 
the beds of conchillas of the Pampas, to the shells of Monte 
Video and of Patagonia, and to all those of the coast of the 
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Pad£c, lead him to admit a sudden general elevation of the 
whole coast, which gave rise to the present configutation of 
tiie Continent. This last movement of the American sur&ce, 
which coincided with the first outburst of the volcanoes, would 
produce a commotion in the adjacent seas, whose waters rising 
above the crests of the mountainB, hollowed them out, broke 
up the surface at all heights, and transported vast masses of 
alluvial matter into the plains. 

The traditions of a deluge, which have been met with 
among most of the American nations, may be only a souveniz 
of this last revolution. The discovery made by M. D'Orbigny 
of the remains of human industry in the alluvium of the plains 
of Moxos, on the banks of. the Bio Securi, is an additional 
reason for this conjecture. As it is at least evident that 
that event was posterior to the existence of the present marine 
fauna, M. D'Orbigny has considered himself entitled to term 
\t» products diluvial formationa. 

In conclusion, it results from the investigations of M. D'Or- 
bigny, that the new continent has been formed, like the old 
one, by the successive soulevemenls of the different systems of 
mountains which traverse the surface ; that these systems be- 
come more and more extended in proportion as their origin 
^proaches the present period ; and that the reliefs resulting 
from these different systems have been successively added 
to one another, advancing generally from the east to the 
west Thus the most ancient prominences presented by the 
American Continent appear to have had their origin in the 
eastern region of Brazil, after the epoch of the formation of 
the gneiss. The transition formations next made their ap- 
pearance to the west, and increased the original continent by 
the amount of the whole Itacolumian system. The carboni- 
ferous formatioiiB, to the west of the two others, form a part 
of a new appendage composed of the Chiquitian system. The 
triassic formationa^ to the west of the three first systems 
have been upraised in the Bolivian system, a surface of much 
greater extent than the others. Up to that period America 
had been elongated from the east to the west. The creta- 
ceous formations ceased to be deposited, and the Cordillera, still 
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to the west of the land already eleTate^ yna the £nt to as- 
sume a relief firom north to Bouth, thus changing completely 
the form of ihe Ooatinent. Subsequently the erufd^on of l^e 
totchjrtes, and the £rat outbreak of the now evBtisg volcanow, 
eompletdd the external forme of this vast chain, and gare to 
the shotes of the Continent their present oonfiguiatioD ; and 
it is very remarkable that these last phenomena manifested 
themselves more eepeciolly in the vestem region of Uie Con- 
tinent, where the earthquakes of the present day have concen- 
toated their action. 

This general remark on the advance of the aeulevewtetitM 
$rom th¥ east to the west, leads to a curioBs analogy between 
the New and the Old World. Buffon had already been Btmc^. 
by the difference in the form of the two great ContiQents. 
He had remarked that in the Old Continent, or to speak more 
exactly, in Europe, Asia, and the north of Africa, the great 
geographical features are arranged in relatioii to an east and 
weat line, nearly as they are in the New Worl4 in relatioAt to 
a north aud south line. Mr Poulet Scrope, in addition tfi thi» 
observation of Buffon, remarked the essential difference pre- 
sented by the east and vest sides of the South Amencan 
Ccmtinent, in that, while the one presents a long ri^e brist- 
ling with peaks and volcanoes, the other exhibits large rounded 
mountains, without any indication of vokaaio phenomena. 
The results obtained by M. D'Orbigny enable us to charac- 
terise thia analc^ more exactly, inasmuch w it appears that vt. 
South America the suceess ive tovUvemenu whidi have feshioii.- 
ed the relief of the Continent, had generally their pri^dpftl 
point of application more and more to the west in proportion 
as they are more modem ; whereas in £ar^>e the fouie9ettent8y 
in proportion as they are more modem, exercised di«is princi- 
pal effects more and oune t« the south. 

In America the great plmns of the Pampao and of the Amar- 
zon, correspond to that great plain in the north of ^.urope, of 
wbi^ a Biaall depression is occupied by the wateva. of tlw 
Baltic; and the vast lake of Titicaca fills the sijiuoaities pv(9|^ 
duced by the meeting «f the various systems which oross Qoe 
anoiU^er in the Andesy m^ in th9 aame mannei as ^ Il£»- 
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diterranean fills the larger and deeper Bmuosities caused by 
the crossmg of the system of the Pyrenees, the Alpine syBtenu, 
and some other modem systems. 

The two ContineDts present each a great exception to the 
rule indicated relatively to the direction in which the louleve- 
ments have succeeded one another. The one is in the modem 
dislocations which, according to the observations of M. Pissis, 
have given rise to the external form of the eastern coast of 
Brazil; the other is in the presumed modern toidevement o( 
the great line of the Scandinavian Alps : but the existence of 
corresponding exceptions both in the one and the other, forms 
an additional analogy, and this analogy is so much the mote 
cnrioos, because the two chains which constitute the excep- 
tion, belong to one and the same system of mooutains, the 
system of the "Western Alps. 

Comparisons analogous to those which we have juet been 
igjiVing betveen Europe and South America, had already been 
efltabUshed between Italy and India, and between Europe and 
North America ; the investigations of M. D'Orbigny will con* 
tribute to render these compariEoos less rare and more easy. 
They will even present a point of departure more elementary 
thao lihoae upon which adeace has hitherto been able to rest. 
"We heUeve that there is much justice in the following remark 
made by M^ D'Orbigsy, towards the conclusion of his Memoir, 
QK iiie snpall degree of complexity of South America. He 
says. " Owiftg to the extreme simplicity of its geological com- 
poaitkw, a«d owing to the large proportions of each epoch, 
Sout^ Aia»ica is perhaps, of all parts q{ the globe, the most 
easy to tukterstaoid geologicaUy, and that where study is dea> 
tined te throw the greatest light on t^ great revolutions to 
which our plosot, has been suligected. Fai from being, like. 
Ewc^, subdivided into a ^at number of patches of forma- 
tions, or tmveised by umumeraUe transveise chains, w^se 
epoch it ia diffituH to detwmme with predsicm, South Ame- 
rica presents reHe/a extending over hundreds of leagues, and 
doposita stretdung over several degrees of surface. There, 
•vCTy thu^ is exhibited on a great scale, t4e mountains as 
well 88 the basinB, and on that great Continent every thing i* 
•nahl^—^ks powei&l causes and their vast effects." 

D,g,t,.,.d.i.COOC^IC 



On the Classification of Fishes. By L. AOASBIZ. 

Far from participating in the opinion of those who regard 
our classifications merely as an artificial scaffolding calculated 
to facilitate our researches, by assisting the memory, I ant 
firmly persuaded that the prc^ess of the natural sciences wiU* 
sooner or later, lead to the establishment of a system which 
shall be the true and complete e^qiiession of the various re- 
lations by which the entire series of created beings are con- 
nected with each other. But such a system cannot be estab- 
lished until we acquire a more complete acqu^tance with the 
innumerablevarietyofobjectain this vast field of inc[uiry. The 
attempts hitherto made to attain to it, appear to me to be only 
the first foundation of the edifice) a provisiomd means for re- 
cognising when we are among the varied forms which must be 
registered according to their diverse affinities. Even the 
very principles which must guide us in this operation have 
not been definitively settled. We may compare the efforts of 
naturalists desirous of grouping natural bodies in the most con- 
venient manner, to the labours of engineers wishii^ to repre- 
sent the aspect of a country in a map. They first fix a few 
salient points from which they can command the whole. 
From thence they enter upon the details by subdividing the con- 
siderable extent comprised within their first triangulation ; they 
then study each new section by itself, by traversing it in every 
direction. It is then only that they can begin to note the pe- 
culiarities which £)rm the special character of these restricted 
compartments. With such materials alone a good map may 
be constructed. But one observer would wish further to leam 
the heights of the mountains which are indicated in relief ; an- 
other would desire to know what parte of the surface are wooded, 
or what is cultivated, and what not ; while another might de- 
sire information on the difTerent climatological phenomena, and 
find nothing to guide him. In these respects, therefora, a 
map constructed on the basis mentioned, would be insufficient 
for the wants of science. New researches would become ne- 
cessary ; the results of geological and meteorolt^cal studies 
would have to be combined with geodesical details; draw- 
ings to represent the accidents of the formatious would baT* 
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to be completed ; and the desiga would have to repreaent 
the relief itself as much as possible. Then the time may 
come, perhaps, when the requlreroents of science will go so 
&r as to lender, in most instances, real reliefs indispensable ; 
that is to say, the material reproduction of forms, reduced to 
certain dimensions, will one day become a necessary accom- 
paniment to topographical works. 

May we not say the same thing of systems in natural his- 
tory % There was a time when vague approaches were suffi- 
cient to give an idea of the limited number of beings, imper* 
fectly known, which constituted the subject of the naturalist's 
study. They were grouped according to some conspicuous 
characters, easily perceived ; sometimes all that was attempted 
was to place them after one another, according to their size, 
their manner of life, or the places which they inhabited. 
However incomplete these methods were, they still satisfied 
the wants of inquirers at that period ; and notwithstanding 
their imperfection, they even contributed to the progress of 
the natural sciences. Some author or other, by remarking the 
gaps in such arrangements, completed the method; others 
collected new materials calculated to facilitate the researches 
of their successors, and by degrees new systems arose, founded 
on gtfod characters. From that period the progress was rapid ; 
monographicaL works came to extend the field of comparisons, 
by fixing new bases fur the study of details. New ideas led 
to the discovery of new aspects in subjects supi>osed to have 
been exhausted. It was thus, without leaving the domain of 
zoology, and without going back to the first attempts at classi- 
fication proposed for the animal kingdom, that naturalists 
confined themselves for a long time to seek for the distinctive 
characters of species, and to group them in a small number of 
genera, often founded on a very imperfect acquaintance with 
their organisation. This tendency is particularly characteristic . 
of the works belonging to the school of Linnteus, which caused 
the science to make im mense prc^ess, by simplifying the method 
and limiting it to the most concise expression of known facts. 
It was soon perceived, however, that this system could be 
regarded only as a frame-work fitted to include, in one view, 
all the classes, but the compartments of which were poorly fur- 
nished. Every day, in truth, enriched science with important 
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facte, which outgrew, beyond measore, the limits aseigiied by 
Linnsus to tke extent of his incomparable diagnoseB. Com- 
parative anatomy, in particular, by investigating the inter- 
nal Btructure of animals to the minutest details, famished 
to toology more precise characters for fixing the limits of 
daeses, orders, and femilies. In place of simple diagnosis, at* 
tempts were thenceforth made to form descriptive pictures of 
the entire characters of all the natural secticms which could 
ba circumscribed in a precise manner ; naturalists endeavoured 
to arrange the cluaMters according to their relative value in 
the functions of life ! species were strictly compared with each 
Ather ; all the facts relating to their mamier of life, their re- 
production, and geographiod distribution, were carefully re- 
^stered. It is to the immense in&uence which the works tX. 
Cuvier have exercised on the development of the natural 
sciences, that this new direction given to zoological studies 
has principally to be ascribed ; and it may be affirmed that it is 
in this same spirit that most of the great monographical works 
trhic^ have been continually enriching sdence for the last 
quarter of a century, have been conducted. There are few 
classes which are without their monographs : the facts of 
structure which have been studied and the species examined, 
are now in general represented with so much exactness, that 
we can form an accurate idea of them without ever having seen 
them in nature. Such a detailed knowledge of species, and 
such multiplied researches into the organisatiiMi of the prin- 
cipal types of all dasses of the animal kingdom, must neces^ 
sarily bring about great changes in dasaificatioo. According* 
ly, we have seen systems multiplied without end. Yet, not- 
withstanding their number, they do not differ essentially &om 
each other, and in all of them we can more or less recognise 
the influence of Cuvier's works ; the differences which distin- 
guish them consist principally in the respective position of the 
great divisions relatively to each other, resulting ^m the diffe- 
rent principles which guided their authors, and the extension 
assigned to these same divisions ; for it will be understood that 
we cannot regard as particular systems all the systematic 
sketches, in which, for the most part, there is nothing original, 
and the outlines of which differ only in the cider in vhich 
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groaps succeed each other, and in tihe names applied to (hem. 
The most impwtaat changes effected in the general system of 
zoology, since tile time of Linnaeus, consist in the dlBmem- 
berment Cavier has made of the Swedish naturalists' shapelesa 
and undigested class of Vermes ; and it tnay be affirmed, with- 
out ia any degree depreciating the ralue of the works of tilo^ 
dem natdralists, that they are only a development of the pri- 
mary sections of the great French naturalist. The modifica- 
tions whidx these idassificationa have been subjected to'in de- 
tail, do not appear to me less important ; hut they belong to 
do many different authors, that I cannot here undertake to give 
any account of them ; 1 shall only say tliat they have essen- 
tially borne upon defining the limits of families and genera, 
and upon a more complete and rigorous appreciation of iheir 
characters. 

Bnt whilti this advancement was going on in zoology pro- 
perly so ealled, a new science arose, under the hands of the 
same individual who had already contributed so powerfully ia 
the development of aoology. The study of fossils acquired, 
from the profound researches of Cuvier, an importance hither- 
to unknown to it, from the time when he demonstrated that 
the remains of organized beings embedded in the strata of the 
«arth, are generally different from the livmg species, and even 
belong to different generic types. This fact having been firmly 
established in regard to the mammifera and reptiles, investi- 
gations were increased in all the classes, and in relation to all 
the eeriefe of strata composing the solid crust of our globe in 
which fossils are found. The relations of these primitive beings 
with those which at present people the surface of the earth, 
were inquired into ; observers were desirous to appreciate theijr 
anal<^, and determine the differences which distingmshe4 
them. Thii investigation was the cause of new and great 
progress in zoology and the comparative anatomy of the solid 
parts of the bodies of animals ; and it is easy to see that the inv 
floenee of ^eobtology on Eoblc^ical and anatomicd studies VnH 
become mote and more important in ptopottion as these different 
branches of science become more closely united. 1 do not even 
doubt but that we shall soon be led to unite the results ef pan- 
leontQlogicsl and aoologioEkl reseuches ilito one body, as eoofi 
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as an attempt is made to eBtabliek a complete syqtem of nata- 
rid affinities throughout the entire animal kingdom. The 
lacunte are in fact too obvious and too numerous, when fossil? 
are not taken into account, to admit of zoologists for the future 
dispensing with the enumeration of them along with the living 
species, in their attempts at dassificatioii-* For, bj omitting 
them, we obtain onl^ the figments of the &ame-work, aad 
can attain only to an incomplete exposition of the plan foL 
lowed in the creation of organized beings. We have long 
been assured of the &ct that the beings which have disappeared 
from the surface of the globe, &r &om having lived simulta- 
neously, succeeded each other at different epochs, and have be- 
longed to different creations, or rather that they have consti- 
tuted series by themselves which have had a limited existence, 
and been replaced by others after longer or shorter intervals. 
Hence arise new requirements for systematic zotdt^y. It will 
pot be sufficient henceforward to group genera and species ac- 
cording to their organic affinities ; we must also take into ac- 
count the relative age of their appearance on the surince of 
the globe, a;id the importance of each group iq the different 
epochs of the general development ; in a word, zoology ought 
to comprehend in its systems the geneal<^ of the whole ani- 
mal kingdom. 

Important works have already pointed out the relations 
which exist between the natural affinities of the genera and 
species of many &milies, as well as their geol(^cal age ; but 
perhaps no class exists in which this succession of types, 
and their relations with the geological formations to which they 
belong, is more evident than among fishes. It may, indeed, be 
affirmed, that the closest connection exists between the prin- 
cipal types of this class, and the epoch of their progressive de- 
velopment. We have only to glance at the tables of species 
characteristio of the formations, which I published at the end 
of vols. 2, 3, 4, and 5 of my work,t to be conri^kced that each 

'* In my monographs of liviag and fossil Echinodermee, I have ea- 
deavoured to realise in certain groups, still very few in number, it ia 
true, this idea of a union of zoology with paleontology and comparatiTa 
anatomy. It ia much to be wished that similai attempts were noA^ 
witli reference to all the claBses of the animal kingdom. 

t Becherches lur les Foitsons par L'Agasnz, Qto, 
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order, and even each &mily, follows a particular progression ; 
that there is, in regard to each group, a heginning and an apo- 
g^ in its developmeat ; that by turns they terminate by be- 
coming extinct, if they go back to a remote antiquity, or by 
acquiring a considerable extension in the present creation, if 
their appearance dates only from a recent epoch. These re< 
suits, which are so evident in the class of fishes. I have, in like 
manner, established in that of Echinodetmata ; and although 
I have not yet given a detailed explanation of the general re- 
sults of my studies respecting these animals, I can yet affirm 
t]iat I have recognised among them the same laws of develop- 
ment. To be convinced of this, it is enough to remember in 
what proportion we find the Grinofdes and atar-fish in the series 
of formations, and what is the condition, in narrower limits, 
of the different families of the order of Echinites. With such 
results before us, we are naturally led to suppose that it is the 
same with the other classes of the animal kingdom ; and that, 
if we have not yet succeeded in seizing everywhere the thread 
of their development, it is because we have not found out the 
key to their connection. We already possess, in regard to all 
the classes, positive indications of this preponderance, at de- 
terminate epochs, of certain types, which change proportion 
with their cotemporaries belonging to more recent eras; for 
example, among the Mammifera, the Pachydtrmata, the Eden- 
bita, the Marsupialia, and the Quadrumana ; among reptiles, 
the Ichthyosaures, the Plesiosaures, Uie Megalosaures, the 
Ophidians, and the t^lless Batractans ; among the Crustacea, 
the Trilobites ; among the Cephalopoda, the genera with par- 
titioned shells, whose development is most remarkable, from 
the Orthoceratites and the Goniatites, down to the singularly 
plicate enrolled or strmght forms of the Scaphites, the Ancylo- 
ceras, the Cyrtoceres, the Ptychoceres, the Turrilites, the He- 
licoceres, and the Baculites. Among the Acephales, may we not 
point out facts in every way similar between the Brachiopodes 
and the Lamellibranches \ And is it not a very significant ^t, 
that we observe this regularity in progressive development shew 
itself in a maimer so much the more evident, as we endeavour 
to find the marks of it^ in the best known classes] From 
^lis consideiatioB, very powerful arguments may be advanced 
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against tlie objections wMch some are deairous to draw from 
the imperfect state of oui knowledge respecting the entire se- 
ries of fossils embedded in the strata of the whole globe. Bat 
it is erident, that the knowledge we have already acquired in 
this Tespeet, ought to have an influeuce oit our classificationB ; 
and that authiHs will thus come always to take more into ac- 
count the order of the succession of types in their systematic 
arrangemeats. 

I bare already had more than one occasion to draw atten- 
tion to ^e striking analogy which exists between Certain em- 
bryonic forms, which are transitory in the development of in*- 
dividuals, and the constant cJiaracters of naraerous genera be- 
longing to diderent families, which have but few represeatai- 
tires in the existing creation, or hare become wholly extiiidt; 
It cannot be doubted, therefore, that these oontiderations ought 
to exercise, in their turn) an influence on the position to be 
assigned, in the system, to these same genera. When resum- 
ing my researches on the conformation of the skeleton of fishes^ 
I have shewn, at different times, how &r the results of embry- 
ology agree with those of paleontology. I have thence beodUe 
cotivinced that embryoto^cal researches, prosecuted with the 
view of appreciating the value of organic ibrms, as 2ooI(^cal 
characters, ought, in like manner, one day to exercise a great 
influence on our methods. It will, no doubt, be the same with 
microscopic investigations, which are now pursued with so 
much ardour in every branch of natural science. 

Do the relations between organized beings, thus varied as 
they are, admit of being expressed by linear series \ I think 
not. I am more inclined to believe that naturalists will revert 
to the idea of well-defined divisions, placed after each other, to 
admit, as the expression of the varied relations of organised 
beings, of graphic pictures, in the centre of which the best 
known types will be placed, and around which will be ranged, 
according to their greater or less affinity, other types, which 
may become, in their tuTfi, the centre around which other se- 
condary types will gravitate. And the better We become ac- 
quainted with the entire details of one great divislofli the better 
will we group all its members, according to their diverse a£G- 
nities. If we are considering the Echiuodermata, for ^uo^ple, 
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it win be of importance to notice how this dasB is connected 
with the Vermes by certain genera of tlie order of the HoIt>- 
thurias, and with the Polypes by means of the CrinoTdes. K 
we wiflh to divide the Crinoides in &e most natural way, we 
must indst on the analogy of the Edkinocrinea, far example, 
with the true Echinides, and ob that of the Comatoles with the 
Astflriie, while the trne EscrineB will fcofa the central type of 
the <Hder ; and so on in sncceuion. And in order to combine 
the indicationa relating to the affinities of one class with those 
which we possess respecting dieir sDocession, it will be neoes' 
nry to add to these zodogical charts, as they may be called, 
genealogical trees, on the trunk of which the most ancient ge- 
nera will be inscribed^ while the branches will bear the names 
of the most recent types* By properly managing the propor- 
tions of die trunk and branches, and making them of suitable 
dimensions, we may even indicate exactly the period when 
eadi group appeared, by giving to the different bruiches of 
each order a degree of thickness proportionate to the import- 
ance trf the part which the types they represent hare occupied 
in each geological formation. 

It is in accordance with these prinoi|de8 that I bave oon- 
sb^cted the annexed table, which represents the history of 
the derelopment of the class of fishes acroBs all the geological 
fbrmatumB, and which expresses, at the same time, the degrees 
of affinity whieh the dtfierent &milies have to each other.* At 
the top of the figure are inscribed the names of the four orders 
into which I divide this class, and the characters of which are 
discussed in the Recherehet sur let Poumms FotiUei. These are, 
the orders Cytldides, Ctendldnt, Gnno'iihs, and Placoides. Below 
these appear the names of the &milies which have represen- 
tatives in the presently existing creation. They are arranged 
Vertically, to correspond to the ascending lines, more or less 
Strongly marked, which indicate, by their lower extremity, the 
point of departure in the development of the families, and, by 
their breadth, the degree of importance which they possessed at 
each epoch. On the sides of the table are inscribed the names 
of the principal formations, in order to indicate the geological 
levels &om which all the families take their origin, as well as 

• The Table will be given in our next numb«r. ^ 
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tliose to which they rise. The names of the families which do 
not come down to the present creation are inacribed oa the 
trunks which represent them ; those which have no fossil re- 
presentatives are simply indicated by broad lines on the level 
which denotes the present creation. Finally, the convergence 
of all these vertical lines indicates the affinity of the fiunilies 
with the principal trunk of each order. I have not, however, 
connected the lateral branches with the principal trunks, be- 
cause I am convinced that they do not descend the one from the 
other, by way of direct procreation, or successive transformation, 
but that they are materially independent of each other, although 
forming an integral part of one systematic whole, the connec- 
tion of which cannot be traced but by the oreative Intelligencd 
of its Author. Having ascertained that the species of each for- 
mation are always different from those of other epochs, I have 
drawn lines of demarcation from the geological levels, across 
all the ascending lines of the families, in order to shew that 
the genealogical development of the species is often interrupt- 
ed, and that [if, notwithstanding, each trunk shews a regular 
prc^ression, this filiation is not the result of a continued de- 
scent, but rather a repeated manifestation of an order of things 
determined beforehand, tending towards a precise object, and 
methodically realised in the order of time. I have not pre- 
tended to express in a limited synoptical table, of a class so 
numerous as that of fishes, all the facts I have studied, and 
what I could have developed in this place, even to an enume- 
ration of all the species. I have only wished to present a 
sketch, which might express the general idea of which my 
whole work may be regarded as a detailed exposition, and 
which a glance at the figure will render easily understood. 
Two orders of the class appear alone, appertaining to the ear- 
liest periods of the developement of life on the surface of the 
globe : they appear there simultaneously with the representa- 
tives of ail the classes of invertebrate animals, while they con- 
tinue for a long period the only existing types of vertebrate 
animals. The principal development of these two orders, 
namely, the Ganoides and the Flaco'ides, takes place in the for- 
mations anterior to the chalk, and their typical families be- 
come extinct before the present creation, where they are re- 
presented only by a few species ; such are, in the order of the 
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Hacofdes, the Cestraciontes, and Uie Ht/hodonte», with their 
subdivisions ; and among the Ganoldes, the Lepidtfidea, the 
Saurdides, the Celacanlhes, and the Pt/cfwdontes, along with the 
lees important groTipH, and Cephalaspidea, Dipteriem, and^can- 
thodiens. The collateral brinks of the Fkco'idea, which are in 
general poorly represented in the existing creation, terminate 
rather early ; the Sgualidea commence in the coal fonnation, the 
Chimeras and the Batfs BOon after. The Cycloslomei are the 
only kinds that exist exclusively in our own times. But at 
the epoch of the chalk, evety thing is changed in the clasa of 
fishes. All of a sudden we perceive two orders appear, the 
CleruHdes and the CycliMei, as much diversified from their 
origin as their predecessors were. Before the commencement 
of the tertiary period, the Ctenoides comprehend nine dis- 
tinct families, to which two others must be added during the 
tertiary epoch, and at the commencement of the present era. 
The Cycloldcs are more diversified still ; for after they appear, 
the type of the Acanthopterygians presents itaelf by the side 
of the Malacopterygians, and their numerous families ascend, 
for the most part, into the era of the chalk. But, notwith- 
standing these differences, there is a close analogy between 
the primary representatives of all these types. During this 
period, the Flacoldes are reduced, so to speak, to the families 
of the ChimeKe, Sharks, and Bays, and even these are by no 
means numerous ; while the four new families of the Sclero- 
dermes, the Gymnodonleg, the Lophobranchea, and the Aei- 
petuerides, appear almost at the same time in the family of 
the Ganofdes, replacing those which become extinct. The 
lists of fossil fishes, arranged according to geological forma- 
tions, which will be found in my work, will render these ge- 
neralities more consistent, while they will serve, at the same 
time, as direct proofs of them. 

Such facts as these loudly proclaim principles which science 
has not yet discussed, but which paleontological researches 
bring under the notice of the observer, with a continually in- 
creasing force, I refer to the relations which the creation 
bears to its Creator. Phenomena closely allied in the order 
of their succession, and yet without sufficient cause in them- 
selves for their appearance ; an infinite diversity of species ' 
without a conunon material bond of connection, gzoupiog 
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tbemeelTu so u to represent the most sdmirable progreeaiTe 
derelopment, in wlucli our own apecies forme one of the links j 
are not these indisputable proofs of the existence of a superirar 
Intdligence, vhoee poirer alone oonl^ eataUish audi iw (wder 
of things \ But auch is the severity c^ onr method of inTe^-v 
gation, that what we feel to be altf^ther natural cannot be 
admitted by our reaaon, until supported by facta, as nomenmat 
as they are well established ; and it is for this reason that I 
have delayed till the last moment to express my conviotioos 
aa this subject. Not that I have sbmnk firom the diacuaaions 
which the announoemeni of aucb reaults must necessarily ex- 
cite, but because J have not wiahed to provoke them before 
being able to aettle them on a purely scimtifio foundation, and . 
suppcnt them by subatantial demonstrations, rather than by a 
profession of faith. Upvarda of fifteen hundred apecies of 
fossil fidies with whikit I have become acquainted, convince 
me that the species do no pass into one another, but that theji 
appear and disa{^>ear unexpectedly, without having any direct 
relations to their predecessOTs ; for I do not imagine that it 
can be seriously pretended that the numerous types of the 
Cycloides and of the Cteno'ide^ which are almost all cotempo- 
rary with each otiwr, descend &om the Flacoldes and tjie 
Oanoitdee. It might as well, ia truth, he affirmed that the 
mammifera, and man among them, descend directly from 
fishes. All these species have a fixed period of appearance and 
disappearance ; their existence is even limited to a determi- 
nate time ; and yet they present, when viewed as a whole^ 
numerous affinities more or less liiiXKi ; a determinate co^rdi- 
naticHi in a given system of organisation, which possesses inti- 
mate relations with the mode of existence of each fype, and 
even of each species. There runs, moreover, an invisible 
thread, at all times, across this immense diversity, and pre-^ 
sents to us, as a definite result, a continual progress in this de- 
velopmenti of which man ia the termination, of which the four 
classes of vertebrate animals occupy the intermediate position, 
and the whole of the invertebrate animals are a constant acces- 
sory acctmipaiiimeDt. Are not these manifestations of a Mind 
as powerful as it is fruitful \ acts of an intelligence as sublime 
as it is prescient \ marks of a goodneaa as infinite aa it is wise ? 
thft smM pid^iable demonstration of tk^ existence of a personal 
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Peity, the First Autboi of all things, die Regulator of the 
whole -world, the Dispeasra of all bleasiiigs \ Such at least ia 
the truth which my feeble iatelligetioe reads in the voika of 
creation, when ] contemjdate them with ■ g^toful heart. It 
is a seatimenti moieover, which better diapoaey \a to. search 
fo; the truth, and seek it for its own sake ; and I a^ eoQTinced 
that if, in the study of the natural sciences, inquirers less &e> 
quentlj dispensed with touching upon these questions, even 
in the special domain of direct obserrationi t^eir joogresa 
would generally be more certain and more rapid,,* 



On the Mode of Formation of Crys/ailine Limetlone, Conlaet 
Ftodficte, Cii/tialHne Silicide-Slates, and un»Sr«HJieti Cryp- 
taSine Stiicide-Rocka ; wiih PrelmuHory Ol)»ervati»ni on the 
pret«nt »tate of Geology, and 04* the Methodt of Inoetttgatiom 
pursued in that tcience. By B. M. Kbilhao, Professor of 
Geology in the Unirenity of Christiaoia. Commaoioated 
bj« the Author. 

(Concloded from voL xxxvi. p. 363.) 
CoNTAcr Products. 
Beddes the crystalline limestones just discussed occurring 
at the junctions of rocks, there are, as is well known, a 
number of other mineral substances, which present them- 
selves close to various mountain rocks, in such a manner, as 
to lead us to conclude that the proximity of the latter ha3 
had some direct participation in the production or modifi- 
cation of these substances. If geolo^al knowledge were 
founded entirely on chemistry ; if it is forgotten that the 
latter science is still so fer from having reached that perfec- 
tion which alone would enable it to solve all the chemico' 
geological problems ; if we are to reject the demand aridng 
out of the very nature of the case^that geolog^al phenomena 
must 6rst of all be taken into consideration in the establish- 
ing as well a,8 in the acquiring of geological knowledge, then, 
in our opinion, this knowledge would not only be checked 

* From Reobeiches snr les PoIiboiu FowUeB par UAgaeaz, Demi&re 
LiviuBOti. 19^. 
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in ita derelopment. but may be rendered entirely false. This 
hits taken place to the fullest extent with respect to the qnes- 
tione which hare arisen as to contact productions. It vbs 
firmly believed that h^e the views of the volcanists could 
alone satisfy the requirements of chemistry ; and as it was 
a fundamental rule that these should and must be satisfied, 
80 it followed that these products should and most owe their 
ori^n to processes put in operation by the great agent of the 
Tolcanists. Some phenomena actually produced by heat ex- 
isted, which, on a superficial consideration, might answer as 
analogies, and in thb way we now find elevated to the rank of a 
doctrine in our science what should never have been more than 
a mere provisional opinion. This mode of at once regarding 
as certain what should have been based ou a complete investi- 
gation of a£. the facta, has also here produced its usual effects. 
No attention has been bestowed on a multitude of facts and 
special circumstances which are most intimately related to the 
snbject, while in the desctipUons other facts have been adapted 
to that doctrine, nay, under its influence even ornamented 
with additions, which it would give subsequent observers some 
trouble to rediscover. That, fbr example, the changes of the 
kind we are now discussing, which have been instanced by 
keen partisans as consisting of actoal conversions into melted 
masses and slags, will in so &r be shewn by later observers to 
be entirely incorrect, is a conviction which I cherish, and 
which, trusting to the impartial decision of iuturity, I am not 
afraid to express. 

Let us suppose that the object of study be those changes 
that have occurred in certain rocks near a bounding mass, 
and which consist especially in this, that the rock has become 
harder, and has acqmred a considerable quantity of silica ; and 
that, at the same time, it matters not whether sooner or later^ 
the knowledge of the following facts has been attained : 

1. In the Isle of Portland, there reste immediately on a 
stratum belon^ng to the oolite group, a bed which contains 
a quantity of trunks of trees completely converted into a sili- 
ceous mass. Round these the rock is also harder and contuns 
more silica, than where it is not in the vicinity of the trees. 

2. In the Peninsula of Melazzo, a very new (" quaternary") 
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IbnestODe reposes on granite and gneiss. As the fimda m aP- 
tal rocfa, daring the deposition of the new masses, was fidl of 
open fissures and rents, the limestone is also found in these. 
Thus the limestone is very frequently in contact with the si- 
liceoos rocks. It is there to be seen firmly cemented to tha 
sabjacent mass, and possessing great hardness ; in other word^ 
it has become uUceons. 

3. Id the Plaaetuche Orund, near Dresden, the Planer Ji>r- 
mation reposes on a syenite, which is held to be undoubtedly 
of older origin. At certain points, the former has filled up 
fissures in the syenite, and in these fissures, at least, the lime- 
stone has been found converted into a fine granular mass re- 
sembling hoTDstone. 

4. In Auvergne, it has been observed that tertiary strata, 
which lie on granite (a granite which in many places passes 
into gneiss), possess a greater degree of hardoesa near that 
rock, and Uiat the new masses and the granite are so much 
intermingled at their common boundary, that it is difficult to 
distinguish them. (Boll, de la Soc. Geol^ t. ziii. p. 220.) 

These facts will be treated in a different way by difierent 
geologists. He who in bis investigations sincerely wishes to 
obtain a correct result, even though it should be in opposition 
to this or that system, will first of all, without having the 
smallest doubt on the subject, recognise all these facts as be- 
lon^ng with perfect justice to the category in question. We 
may assume that, in the next place, in the problem r^arding 
the cause of these contact phenomena, be will test the faypo- 
tiiealsofthevolcanists. If he be but convinced of the accuracy 
of the data adduced, he must ^oon become aware how little 
applicable in these cases is that hypothesis. As to the first 
^ounple, the masses near which the silicification has taken 
place* are of such a nature that no one supposes that they 
have been in a melted state, or have had a high temperatnre ; 
and in both the two next instance, the altered deposit is in 
contact with rocks, which, if they were ever in a hot condition, 
imdoubtedly were not so at the time when the new masses were 
in juxtaposition with them. When the superimposed de. 
posits were formed, these rocks presented an ordinary, wea- 
thered, fissured, and undoubtedly very old surface. With re- 
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gard to the Anvergne granite, it certfunly cannot be st^posed 
by any one to belong to the tertiary or to a still newer epoch ; 
and if it ever was hot, this most have been yfxy long before 
the deposition of the strata which have been modified by it. 
It will hence be concluded, that such changes as those spoken 
of cm go on at the ordinary temperature. It is next to be 
considered, whether more general information is to be de- 
rived from the same facts. Unfortunately, the result will so 
£ar not be a brilliant one ; but, as I have repeatedly said, the 
reasonable investigator does not expect this. Here, again, 
we hare effects of actions which are, for the most part, only 
exhibited in one or other of such effects produced long ago, 
and, in trying to account for which, while we are groping but 
too much in the dark, we are again reduced to call upon 
electro-chemical Currents, molecular displacement, cementa- 
tion. Sic. It may possibly be considered aa essential, that the 
masses by which the silicifications have apparently been effect- 
ed, are themselves very rich in silica. It is to be remarked, 
that the inquirer, by having obtained these moderate results, 
has still reached a point, whmce be cannot he so easily led 
into error by the discussion of other facts connected vrith the 
subject. For example, should any one, in wder to support the 
hypothesis of the volcanists, refer to the thousands of places 
where stUdfication has taken place in the vicinity of rocks 
which, according to the prevalent opini(m, are pyrogenio, the 
answer would at once be, that even though this view were cor- 
rect, still there is no proof that the heat had caosed the <diange ; 
nay, if due weight be given to facts like those adduced, it must, 
on the contrary, be concluded, that this change near the really ' 
pyrogenic rocks has likewise hi^pened in their cold condition. 
But let us now return to our exanqiles, in order to see how 
the supporters of the prevailing school would treat, or have 
really treated rf them. The first of them will probably 
be dictatorially rejected as inapplicable ; or, at all events, it 
will be exclaimed, this is a m^e bi^atelle, «a isoUted fact, 
which is not to be taken Into consideration I As it is always 
the practice to endeavour to give the method followed an air 
of strictness, the principle is announced, that conclusionB are 
only to be formed &om the totality of the observed facts ; bat 
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notwithstanding this, all such as do not Euit the dedactions are 
excluded with the greatest ease as " accidental anomalies." 

With respect to the phenomena presented at Melauo, some 
expressifHisof a distinguished geologist, viz. Constant Frerost, 
can be adduced. Notwithstanding that it is evident, according 
to F. Hoffman, whose testimony the volcanists will not rejecti 
that the deposition of limestone has taken place on an cAit 
fissured surface of rock;* yet Prevost finds it difficult to 
decide " si c'est le calciure qui a pen^tre les roohes felspa- 
iUqaEe,oabienticesontc^kt-cigiuontpaat6dfravenimet4ue 
eatoaire." The last alternative is adapted for those who wish 
to see, even here, an effect of volcanic agency ; it is also said 
that the gneiss has evideutly been violently moved nnce the 
depodtioD of tlie limestone. Moreover, an astonidmient is 
expressed regarding Has simple phenomenon, which is in- 
explicable, if the observer does not, at the same time, mean 
to say — I have found a gneiss, a granite, and a pegmatite, 
whieh were pressed op during the quaternary epoch, and 
iriiich, as ia shewn by the alteration of the limestone, were 
Btill hot at 60 late a period I The author writes to Cordier 
in Paris, — " La presqu'lle de Melazzo m'a ofiert des foits tel- 
lement onrieox que je n'ose en parler sans avoir des pieces 
de conviction i faire voir en m£me temps." When a geolo- 
gist like Prevost can deceive himself so far ; and when it can 
be siqtpoeed that a geologist like Cordier can be convinced 
that there exist granite, gneiss, &;c. which have been solidified 
either at or since the quaternary period, merely by having 
placed before him specimens of these ro<^ with attached 
indurated quaternary limestone, we have signs which bear 
evidence that the saience is not in the best possible condition, 
In the present case, in order to make all surprise vanish, and 
to render every absurd supposition superfluous,! it is merely 
necessary to grot^ the fact in a natural way, and to place it 
along with other analogous cases in such a manner, that true 

* " IbsN eta be do doiibt ■■ to the inflltrvtloii of tbe limeatone, which hu 
pBDstMtcd tiie gnolw to ■ depth of ten feet beneath the suiftce." (Kanttn'M 
■^uUv., lii]. p. 316.) 

t I thiak it necesmy for me to aay exprewly, that I do not mean to unrt 
dut It Ib inpoauUe that graiute con h*Te been produced it the quaternary epoch. 
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resemblance alone is taken into consideration, and not til? 
arbitrary requirements of particnlar systems. 

An opiniim which has been really expressed can also be 
brought forward reqtecting the phenomenon near Plaoen. 
The observer who described the appearance says, that the 
bomstone^like and fine grannlwnstare of the limestone mass, 
leads to the conclusion, " that a complete ehemical penetra- 
tion of carbonate of lime mixed with ^iiceous jelly into the 
fissores of the syenite, has taken place." It i^ thus, not here 
assumed that tiie peculiar constitution of the Planer forma- 
tion, where it is in the vicinity of the syenite, belongs to 
the usual contact-actions ; and why T Most assuredly because 
the syenite cannot be asflorted to be newer than the Planar, 
or, in other words, because it is impossible in this case to assert 
that the syenite operated by heat. On this account, the above 
unnatural hypothesis was had recourso to, and thus it is proba- 
bly assumed that the proper homage due to chemistry has 
been rendered. If I am not mistaken, we have here an ex- 
ample which, though otherwise of little moment, is yet very 
instractive, from its exhibiting, in a striking manner, to what 
the method at present employed often leads ; viz. to misap- 
prehension and suppression of impcM^AUt facts, and to the 
formation of artificial ideas, rather resembling a profitless play 
of fancy, than the anxious endeavour to discover the truth. 

The contact phenomenon in Aavergue also receives no 
particnlar attention from the volcanists, as it is here impossible 
to cite tiie granite in a hot state as its cause. 

I shall here give a few of my own observations, chiefly i<xr 
the porpose of shewing, that a complete study of the silicifica- 
tiona occurring in certiun rocks, requires the consideration of 
a number of, as it would seem, very complicated relations, 
which, notwithstanding their importance, enquirers may be 
very easily induced to overlook, under the guidance of the 
existing school : 1. Contact indurations often do not exist at all 
in the vicinity of masses which are not less regarded as pyro- 
genic by the prevailing school, than others near which these 
changes are met with in a high degree of development. Thus, 
such indurations are not observable in the Christiania district 
near those masses of porphyry and greenstone which have mora 
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or less tlie form of beds, notwithstanding that, in oUier respect^ 
all the circumstances seem to be the same as those in which 
the silicification of the slate so frequently presents itself. 3. 
The very extensive sUicifications of the clay-slate, ooourrii^ 
in the same district in the vicinity of the great masses of 
granite and syenite, cease where the boundary between thfi 
slate and the granite or syenite passes near the onderlying 
gneiss. There, instead of the usual hom-slate, we regolarly 
find perfectly soft alum-slates, sometimes contfuning embedded 
needles of chiaetolite. St^posing that the gneiss has tliere 
really performed an active part, this may, perhaps, be in some 
respect compared to the operation of catalytic bodies. 3. 
Where, in the same district, whole zones of several thoosand 
feet in breadth, round the granite, consist c^ altered strata, it 
very often happens that, near the botmdary of these zones 
which is away irvm the granite, some completely unaltered 
strata are to be observed between others which are altered in 
the usual manner. This occors in the most remarkable manner 
at a place where the strata do not strike towards the granite, 
bnt past it. There we find that, where the altered zone passes 
into the unaltered slate-formation, there is a regular altemit- 
tion of modified and unmodified strata, so that isverol of the in- 
durated strata are entirely teparated/rom the granife by ifM'n- 
durated strata.'* (Gaea Norvegica, i p. 16.) 

The necessity is evident of observing such relations, and 
not parsing them over in silence, whether they lead to this or 
that result. That hitherto similar phenomena have been little 
or not at all noticed in other places, plainly arises from the 
mode in which geology is at present prosecuted. If the br 
vourite theory were placed aside for a time, and tf more truly 
philosophical principles were adopted, a multitude of hitherto 
unnoticed facts would be discovered, and new light would bo 
thrown on many obscure subjects. 

* 6. Rom, Id hia Btbe nacA Jtm Ural, givss a iJCKription and represenUttoD 
of a cliff n«ar Orek, which, in ita upper portion, coneists of bTpenthene-roclc, onder 
which lie jaiper and cla7-slat«. Of the last, it ti nid ttut It cont^ni 111U17 bad* 
of Sin^ ilata. Ai Bow regatdi the jaaper aa an altered clay-«late, and as the 
flintj alata can only be a tranimuted cl^-ilat« also, and that merely in an In - 
farior degree to the Jaiper, we have here, undoabtedly, a phenomenon of the Hme 
M»da* that oocivrilig at the Junction of the granite near Cbriatiania. 
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The information to be derived from contact indurations is 
very important ; and what they tell ns of their own origin 
has also its application to the question of the formation of 
certain monntain rocks. CIsy-sIate, where it is in contact 
with granite, is frequently of the nature of homstone ; bat 
the change likewise proceeds much farther. The homstone- 
like condition is but the banning of a series of modifications, 
which at last exhibits to ns gneiss-formations as a product of 
couTsrsion ; sandstone strata, which, at some parte of their 
junctions with other mountfun rooks, have only become harder 
and more homogeneous, are, at other points of the same 
junctions, converted into mica-slate or crystalline quartzite ; 
in short, both these investigations regarding iadurations and 
silicifications have to deal, not only with the production of 
these themselves, but also with the mode of formation of a 
whole class of important rocks. And yet, with how little 
attention geolo^ts have gone to work in the examination-of 
these phenomena ! After it bad been found that the indura- 
tions in some degree resemble imperfectly melted masses, and 
with the possession of the undeniable fact, that melted masses 
of great volume must act with a fusing eficct on the sand- 
stones, slates, &e. with which they come in contact in the hot 
state, it was without hesitation assumed as a general principle, 
that all the indurated slates occurring at junctions are more 
or less perfect products of this description. Here the irra- 
tionality of the method of investigation is very evident. Not 
only, in deciding as to whether a rock is of eruptive and pyro- 
genic origin, have the contact-changes occurring near it been 
employed as an iofallible criterion, but, as already hinted, the 
important question, which must necessarily arise in a cautions 
and logical investigation, has been entirely neglected or sup- 
pressed, — whether, namely, the phenomenon is really exclu- 
sively connected with such rocks as may be supposed to have 
been at one time in a hot state 1 and, in so far as it occurs 
near masses which have actually at one time possessed a 
high temperature, whether it was not produced after these 
were cooled ^* As to the chemical part of the question, but 

• If we tnnt anrattentian to the nihject,iTe maycxmvliice onnelTBB Unteon- 
tMtHwtioni lUU go on. In the cotl-fidd of KortbunberUna, bTdrogMi gu «o>w 
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little regard has been paid to those strict principles which 
haTC been laid down rejecting the mntnal relation of geology 
and chemistry ; for, in so far as the altered deposits have be- 
come siliceous or richer in silica than they previoosly were, 
this is a matter in which chemistry is still pretty mnch in 
arrear. 

- When an oncrystalline slate, like that already noticed, has 
been oonverted into gneiss, for example, at a junction with 
granite, individual crystalline portions of felspar, mica, and 
quartz, have been formed at the boundary ; and these minerals 
are [nuperly distinguished as actual contact-products, in con- 
tradistinction to those results of juxtaposition which consist 
of more or less considerable modifications of prerionsly exist- 
iog masaes. There is a great number of these contact-pro* 
docts ; as well of those which occur as disseminated mine- 
rals, as of such (partacolarly ores) as constitute very exten- 
sive masses of different mineral species. Among many other 
topics connected with these remarkable products, which I 
cannot now discuss, are the following : — Their sabdivision, 
according to a more exact determination of their situation, 
in so far as they either occur in one or other of the rocks 
which are in contact, at a litUe distance irom the junction, or 
actually between them ; and their subdivision into those in re- 
gard to which it may be assumed that the material existed in 
the immediate vicinity of the places where they are now found, 
and those in whose cose such a supposition appears to be in- 
admissible. At present, I shall only treat of these products, 
in so far as is incumbent on me, in order still farther to make 
good the assertion, that the present practice in geology is essen- 
tially deficient, inasmuch as nothing is listened to regarding 
contact-phenomena, except in connection with volcanism, and 
then, of course, only in its favour ; ^e actual contact-products 
are perseveringly and obstinately regarded as the mere result 

tinnes to be evolved at the aide of a Tein of baaalt. (Boui'i Jakreibtrida tm 1 SS3, 
p. 13). In the tiagatin fiir Kitturufdenikabtm*, toI. ix. p. TS, •ttention Is 
directed to a flwt which pnAisblj bean od Um same nibject. It if then atatad, 
in a wriee of obearvalioiu to datannine th« inteiudt; of teireitriBl magnetitm In 
a portion of Central Europe, that there ii an extremel; remarkable magnetic rela- 
tion in the vallej of Faua, precisely where the well-known granite of Preduzo 
comes in contact with the llmeatone. 
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of sublimations from fdmaces in the interior of the earth, and 
of fnnoD^ in short of the action of "fire." On this aubject, a 
mnltitode of important facts are partly denied, partly micdn- 
terpreted, and the path is obstructed to points of Tievr, £rom 
vrfaich new and instructive considerations might be obtained. 
I shall not be discouraged by the inattention hitherto paid to 
my repeated attempts to direct attention to the many indubi- 
table &cts, which shew, that the generally received doctrine 
of the pyrogenic origin of contact-products is hasty, and 
must be retracted. I continue to beg that geologists may 
test such facts, of i^ch, therefore, I shall here also adduce 
a group. In my memoir, entitled " JSini^es g^en den FW- 
kattitmua" (p. 75-6), I brought forward the following: — 

a. Near Commem, ibere rests, on greywacke, a transition 
limestone, which, at the junction with the former, ccaitaina 
lai^e masses of ironstone, that are mined. 

6. In the Harz, also, beds of ironstone lie at the junction, 
between limestone and greywacke. 

c. I'he ore at Bammelsberg, near Goslar, is situated be- 
tween clay-slate said greywacke-slate. 

d. At Zellerfeld, in the Harz, the mine of Heraog-Augnst 
is excavated in a vein, which has limestone on ihe one side, 
and clay-^te on the other. 

e. Near Iserlohn, the masses of calamine are placed be- 
tween greywacke luid limestone of the coal-formation. 

/. The mine Tschakirskoy, in the government Kolyvaa 
(Asiatic .Russia), -is situated in a repository of ore, at the 
boundary between limestone and clay-slate. Near Nerts- 
diinsk, a similar repository lies in the same manner, between 
tiie same rocks. 

The following arc additional examples ;— 

y. Near Bnsezina, in Bohemia, a red ironstone occurs, 
which a geologist of the dominant school of geology thinks he 
cannot regard as of pyrogenic origin, but which is considered 
by bim as a deposit produced by mineral water. Between thb 
substance and the surrounding greywodce there are found — 
compact cinnabar, heavy spar, iron-flint, and iron-pyrites, 
which are extracted by mining operations. (No^jerath's 
At^fiug naeh Bohmen, p. 384.) 
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A. " The great repository of iron-ore in Elba, oconrs as an 
irregolm- maGs, between slate and limestone " (F. Hoffmann, 
in Kanten't Archit., vol. ziiL p. 31)- It is well known that 
this slate is a very new one, and that a part of it contains 
vegetable remains. 

t'. At Sandomir, in Poland, the numerous masses of ore are 
generaHy found at the bomidary between transitioii-limeBtODe 
and a qnartzite-like sandstone, belonging to tbe same group 
(a p^ywaeke formation). (Pusch, Geoffnoatitciie Beschreihitng 
von Polen. .vol. i. p. 73). 

k. Near Kielce, in Poland, there occurs, resting on txand- 
tion-limestoue, a deposit of red sandstone, whose lowest bed 
is impregnated, for a fathom, with lead-ore. This takes 
place at several places in the same neigfabonrbood. As at 
that locality the lead-ores otherwise belong ezclnsiTely to the 
limestone, or to tbe transition series in general, Pusch (1. c. 
p. 76), not without reason, also ascribes the so-to<spe^ 
merely parasitic ore in the superimposed newer formation 
to the limestone. 

/. The great bed of Miedzianagora, which contains copper^ 
ixoD, and manganese ores, and has been mined for centuries, 
rests on cakareoss slate, and is overlaid by quartzite, wit^ 
Btrata of slaty clay {^'Letten") and clay-slate ; the dip being 
from 30° to 40°, The mean thickness of the bed of ore is 
from 2 to 3 fathoms, and its known length is upwards of 3 
English miles. Pusch instances a great number of similar 
cases in tbe same district, in which the ore is met with in tba 
same position, close to the junt^on of the limestone and 
quartz-rock (L c p. 76-31). 

m. The beds of hematite, occurring in the southern dis- 
tricts of the State of New York, usually lie near the June- 
tion of the talcose slate-formation with a newer limestone. 
(Siltiman's Journal, vol. xl. pp. 76, 76). 

». In New York, masses of iron-glance occur as a contact- 
formation. The position of these sometimes extremely large 
repositories of ore " is confined to the upper portion of the 
primary strata, and the lower layers of the Potsdaot' sand- 
atone," G- e- PP- 8X and 82). 

0. In Wales, in the midst of Cambrian slstes and grey- 
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wacke, there risee the mural ridge of Cerrig-Mw;n, a mass of 
grey quartz-rock, which is sometimes bracciated. In contact 
with this projecting mass, which, in so far as the strike at 
least is concerned, is parallel to the homiding slates, the latter 
are much indurated, and cont^n ver; considerable portions 
of lead-glance. This ore is likewise accumnlated. in large 
quantities, just at the side of the quaitz-rock. (Murcbison's 
Silurian System, toI. i. p. 366). 

Bearding all these facts, I most first be allowed to offer 
some incidental observations. 

The whole of the examples now adduced, exhibit masses of 
ore as contact-formations. Although it appears that it is 
really metallic minerals which most frequently present them- 
selves in this manner, still, the one-sided tendency of geology 
must still so far bear the blame, that, up to the present time, it 
is difBcnlt to find in descriptions, other substancee than ores 
mentioned, as belonging to junctions of rocks whose non-vol- 
canic origin cannot easily be called in questioa. It is only 
when one of the rocks in contact is regarded as pyrogenicr 
that the theorizing geologists trouble themselves with itotic- 
ing the peculiar mineral products occnrring between them ; 
and, on this account, we are acquunted with innumerable 
examples of such cases, in masses which meet the crystalline 
sitioeous rocks. We are indebted almost exclaslvely to those 
occupied with the practical department of the science for a 
number of instances of a difi«rent description ; but, from this 
cause, attention has naturally been chiefly directed to the ores, 
and not to the other substances belonging to this group of 
mineral products. 

- "With respect to the example indicated by the letter d^ it 
miut.be remarked, that when the repository there noticed is 
designated a vain, perhaps no error has been committed. It 
is, however, certain, that very many contact-repositories have 
been improperly termed veins ; for where one of the two rocks 
in juxtaposition is unstratified, the contact-masses are, ioc 
the most part^ quite irregular and disposed in lumps, and al- 
together do not run so uniformly as true veins, which lie be- 
tween the sides of a rent or fissure.* 

* I bava famerly exprewed ths opinion, that to refer hj far the greater namber 
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Pusch remarks in regard to examples / and /, that these menses 
of ore were origi&Eilly nothing else but strata of one or the other 
of the including masses of rock, which were metamorphosed 
to what they now are. That this geologist, who in other re- 
spects does not seem to oppose the prevalent geoto^cal opin- 
ions, should have recourse to such a view, which certainly 
would only be adopted in the greatest need, must be a 
proof of the absence at the locality cited of all arguments 
in favour of the volcanic hypothesis. As to the opinion 
itself, undoubtedly it can only be ^proved of in part ; we 
are certidnly forced to the avowal, that the spaces which 
are now filled with ores were formerly occupied only by a 
mass of barren rock ; but the assertion that this mcua has been 
converted into ore, belongs to those modes of speaking which 
set all experience at defiance, and which properly deserves 
blame. If it be tlie intention by this expression only to pro- 
hibit absolutely the natural idea, that the material for the 
ores was conveyed from without, but by some means not yet 
explained, then there is here an unseemly anticipation ; and 
if it be only meant that we still know absolutely nothing 
about the origin of such products, then the selection ought not 
to have been made of an expression which may so easily lead 
to misconceptions. 

It may easily be imi^^ed what an unyielding voleanist will 
say to examples m and n ; it is only necessary to recal Pro- 
vost's expressions regarding the appearances in tlie Promon- 
tory of Melazzo. I have brought forward these cases, be- 
cause they afford good examples of the phenomenon observed 
by me in Norway, and which, upon the whole, seems by no 
means to be of rare occurrence, in which not merely modifi- 
cations of the masses in contact have been produced, but even 
entirely new products have been called forth, where older 
rocky soriaces are covered by deposits of a newer period. The 
observer who reports on the above mentioned iron-ore, and 
who is undoubtedly a perfectly impartial witness, says, " that 
the ore appears as a bed lying between Hie primitive rocks 

ti trae flnuie yiAxa to Uie caMgory of (XHttaet-forautioiu, is an idaa which wonld 
probably be ikr from nnprodnctdTa for tiie theor; of Teiiu in gm*ral. Compir* 
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and the oldest of the sandstones f and he endeavours to sfaev, 
that though there are nnmeroiis other places where this ore 
has no other connection than with the primitire rocks, yet at 
one time the latter most certainly there also have been covered 
by sandstone. It will be believed that this description is quite 
fair and free frtm blame, when it is known that the author, not- 
^thstanding what he has adduced, regards the masses of or« 
as veins in tiie primitive rocks. 

I will not conceal, in regard to the last example o, that 
Morchison considers the quartz-rock with which the ore is 
associated, to have been probably influenced by a trap-rock 
concealed beneath. He who arranges the phenomena of Na- 
ture according to a favourite notion, instead of allowing him- 
self to be instructed by what Nature actually exhibits, has 
here in this manner a path prepared for him. 

Let ns now proceed to the actual application of these facts. 
They were introduced, in order still farther to prove, that there 
is good ground for comptaiaing of the method at present pur- 
sued in geolo^cal mvestigations. Although such facts unde- 
niably shew that the general assertion as to the volcanic* 
origin of contact-formations is unauthorized, yet, hitherto, they 
have not at all been taken into consideration in the question 
regarding the production of mineral masses of this description; 
and, nevertheless, it is, above all, cases like these which are 
to decide the problem. It is clear that it is not where sodi 
masses are, for example, met with in contact with basalt, that 
we can hope to find a certain explanation, as to whether they 
are pyrogenic or not, so long as basalt is considered only as a 
volcanic rock. If such products are attended to only where 
they occur near rocks of which it is asserted that they have 
been in a melted condition, it is plain that geologists here fol- 
low a course which was least to have been expected from in- 
vestigators who profess to adopt strict philosophical principles, 
and who miuutain that they pursue a method which infallibly 
leads to the truth. Donbtlesa, this course is extremely well 
adapted for keeping up the system which has been established, 

• Id makiiiK um on the puMn-t ud man j rimilw occmIods of tliii Bxprad^ 
to whiob nuuij may ol^tet, I do not tbiuk t|iat I an «Mentlall7 In eiror, bat, «« 
Um ttnOnrj, tbat I am ntUj in tlM ri^t. 
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fw it shuns no arbltrarlDess nfaidi can adraiioe the cause ; 
and reasoning in a circle is quite suited to it. In this way it 
is impoesible to approach nearer to indications of the real 
troth ; on the contrary, by such a mode of proceeding, the path 
to troth is blocked up. 

Th^ following is the undisguised and true geognoetical re- 
snlt as to the subject of which we are now treating : that where 
two different rocks bare been in contact with each other for 
along time, there ocoor, in iimamerable cases, peculiar mineral 
masses, in whose formation this meeting of the two rocks must 
have performed a very essential part. As, at least in many 
of these cases, it is quite certain, that the two touching rocks 
bare always had only an ordinary temperature, that hypo- 
thesis (frtiich is, moreover, of little use in explaining the phe- 
nomenon) must be rqected, according to which it has been 
assumed, that the one or the other of the meeting rocks was 
in a hot condition during the formation of the new masses. 

As, however, from the plan adopted, this datum is falsified, — 
a datum which at once procures for us insight into the sub- 
jeot, and, at all events, ought to be regarded as extremely 
important as a point of departure for new investigations, — these 
firuits cannot be attained, and the opportunity of advancing 
tlius afforded, is lost ; and in this way, not only geology 
suffers, but even chemistry, for the love of which such 
sacrifices are believed to be made. The loss thus caused to 
geology is retdly incalculable. Since Nature has it in her 
power, without fire, and, as it appears, without water, to call 
fijrth such products as the contact-formations, is it not madness 
continually to attend only to the fire and water hypotheses, in 
treating of the origin of the many problematical mountain 
rocks and mineral masses. I cannot here leave unnoticed two 
cases in which what we axe taught by the contact-formations 
must, as it appears to me, be of great use. The first relates 
to the occurrence in granite, gneiss, &c., of certain completely 
ermbeddedminerals,whichcontain3ome of the veryrarest metals 
and eartits, and of which these may be especially named the 
aUanita, gadolinite, orthite, thorite, and euxenite. Mr Scheerer 
of Christiania, who has gained so much credit by the chemical 
examination of most of these minerals, properly conuders their 
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isolated occnrreDce in eztremel; rare small portions, in the 
midst (tf enormons masses of cryBtalline silioide rooks, as a 
Teiy remarlcable circamstance. The rare enbetances wUtdt 
tiiey ctmtain, were not, as is remarked by Mr Scheerer, so dis-^ 
tribated as silianm, calcinm, potasrium, Mr sodiom, for in that 
case they most have been more freqaently met with. If it be 
now asked, whether it is to beaaaumedtiiat, in snch a case, these 
materials were not originally present at the places where the 
minerals containing them nowmake their appearance 1~-I main- 
tain, that, in conseqaence of the phenomena exhibited by coO' 
tact-formations, the answer may very well be in the affirmatiTe. 
We still know nothing as to whether they were there prodaced 
at a later period " by means of an inexplicable chemical pro- 
cess," or whether we mnst suppose that they were conTCyed 
thither in some way or other from other places ; let, however, 
the study of such invaiiably parasitic formations be bat once 
undertaken, so that the relations of some of them may throw 
light on those of the others, and we may then hope to obtain 
some insight into this subject likewise. 

Another case, in which the phenomena of contact-forma- 
tions may become expbuiatory, is that of the coigin of veins, 
and especially of metallic veins. In another publication I have 
already expressed myself on this subject, in the following 
terms {Binigeagegen den Vulkeatitmus, p. 78) : as shifts almost 
always occur near metallic and mmeral veins, and as they 
generally bring into contact the transverse termitiations of 
halves of beds not belonging to one another, we easily perceive 
the analogy between the occurrence of such veins in stratified 
rocks dislocated by fissures, and those nuneral products which 
we have specially denominated contact-formations. The ideas 
arising from the study of these last mentioned products, be- 
come, however, by continued attentive consideration, still more 
comprehensive as regards the theory of veins. When two 
heterogeneous masses touch each other, forces are brought 
into operation, by means of which chemical products are called 
forth ; but is it not also probable, that in the formation of a 
fissure, the tearing asunder of one and the same rock disturbs, 
the tranquillity of these forces, and brings them into action t 
Oertunly one disturbance or the other of the previously exist- 
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ing eqaililMinm follows tiie discontinaity that has been pro- 
duced, and, at all events, two masses now exist where there 
was only one formerly. It will be observed, that I am now 
pointing out how, in genera], metallic and mineral veins may be 
Ivoa^t under the same category with contact-formations. 

I have already remarked, that it cannot really contribute 
mnch to simplify the chemical explanation of the occurrence 
of mineral products developed at junctions, if we assume that 
one or other of the rooks in contact has had an extraordinarily 
high temperature. In relation to the sul^ect, let us consider 
the following appearance described by Leonhard. Near Auer- 
bach, there is, in the gneiss, a " vein" of granular limestone, 
which, nesf the walla, is full of idocrase. Leonhard is of opin- 
ion, that, when the limestone, in a hot liquid condition, came 
in contact with the gneiss, separations and combinations of the 
elementary constituents of the two rocks took place, and that 
in this manner the idocrase was formed. If the principle were 
fully admitted, that liquidity must be supposed when such 
operations as this take place, then, with reference to the che- 
mical explanation of the phenomenon, a necessary reason 
would appear iai bringing forward the hypothesis of the for- 
mer liquid condition of the lime&bme. But, at present, the 
object of this hypothesis can only be to open up the path for 
farther expUnation. Does it actually accomplish thisl I doubt 
it mnch. It would be interesting to bear what the chemists 
themselves would say on the subject. But let us suppose that 
this phenomenon, chemically considered, is really thus rendered 
more intelligible, and, at the same time, let us see how this, 
advantage is obtained. It is only by doing violence to all geo- 
logical probability that we can assert that the limestone has had 
the origin ascribed to it by the hypothesis ; for tiie eruptions 
which are known to have taken place have never exhibited any 
thing of the kind, whereas, on the contrary, we meet with crys- 
talline limestone containing minerals composed of silicates, 
which, we know with certainty, was never in amelted state (see 
first part of this paper, vol. xxxvi. p. 357). But, moreover, this 
hypothesis can only be brought forward at the expense of the 
eruption doctrine itself. So long as this doctrine endeavours 
to ei^lun phenomena by the general state of liquidity of the 
interior of the earth, and, when the question is as to the source 
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of all those masses regarded as eruptive, it refers to the great 
central reserroir, itiatmdonbtedly extremely attractive on ac- 
count of its simplicity and intelligibility. When, howeveir, it 
is required, that not only the rocks competed of silicates, but 
also limestones, therefore, in short, the most heterc^;eneou8 
masses, are to be regarded as having burst forth from the in- 
teri(Hr of the earth, this theory, as has been remarked by others, 
no longer possesses the qualities just mentioned; for, instead 
of producing light, it only leads us into still greater darkness. 
If, however, it should be the case that the geognostical phe- 
nomenon in question is less correctly represented tor the pur- 
pose of rendering the eruption-hypothesis available, it must be 
confessed that that doubtM relief is dearly purchased. I do 
not, indeed, venture to assert that the description quoted of 
the phenomenon at Auerbach is incorrect, for it scarcely con- 
tains any absolute impossibility. It can very well be supposed 
that the gneiss received from above the upfilling of limestone 
into an existing fissure, nay, if necessary, we may even ima- 
^e a filling proceeding from beneath, and stutding in no 
connection whatever with volcanic action ; for, it might be 
assumed, perhaps, that an internal mass of limestone had been 
brought to the state of a sort of mtya, in some way or other, 
for example, by the movement of the overlying rock and the 
entrance of water, and that in this way it couJd be pressed 
upwards into the fissure. But the real question is, if we have 
here actually before us a filling up of a fissure, and if the phe- 
nomenon has not assumed that character in the description on 
account of the theory. Leonhard terms the mass a rein, and, 
from his sketch, the conclusion must be drawn that it really 
cuts through the gneiss strata ; but, in the description which 
1 have seen (Leoniartfs Popidare Vorlemtigea iiber Geolopie, 
vol. ii. p. 315), this latter and most important circumstance is 
passed over in silence, which seeoas not a little suspicious. la 
it not the case here, as has undoubtedly happened in other si- 
milar instances, that an error has been committed in making 
a vein of a mass which ought, perhaps, more correctly to be 
included among tiie beds t 

But it is now time to close these remarks on contact-pheno- 
mena, and to pass to another important subject, m the conai- 
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de^tioii of which Qironeous paths have also been followed, in 
ooDsequence of the prevailing, and, aa it ia pretended, lughly 
^lilosophical, but, in fact, altogether inc(Hnect muTima- It is 
to the crystalline Bilictde slates that we are now to direct 
«ar attendon. 

CBTSTALLtKB SILICISX SLJLTXS. 

, Begarding these formations, we see one party directly deny- 
ing palpable &ct8, and proposing the most unnatural hypotheses, 
in order to keep oa good terms with chemistry, whose claim 
to the office of judge in the matter no one has yet examined 
with attention j while the other party, overpowered by the 
evidence of the phenomena as displayed in nature, certainly 
are near seeing the truth, but still, in conseqneace of tradi- 
tional scruples. Stop short of its fall perception, and, at the 
same time, afiect a language which sounds Uke homage pud 
to the principle,-— that geological results most always be che- 
mically comprehensible. 

The hypothesis of the Wemerian school of the direct hy- 
drogenio formation of gneiss, mica-slate, &c., meets with no 
support either fnna chemistry or geology, and is now scarcely 
adopted by any one. Some have brought forward the {pin- 
ion that these formations must be masses derived from the 
interior of the earth,* which became what they now are from 
a melted condition ; while others suppose that they are sedi- 
mentary prodacts, which have been transmuted by volcanic 
agents. 

The idea of the crystallization of such rocks after a previous 
condition of liquidity, is shewn to be quite absurd even by the 
CjDUsideration of their petrographical constitution; for they are 
slates. If such are to be regarded as produced by the solidi- 
fication of masses which have been in a bnming liquid state, 
then that which receives no support from any one observation 
is assumed to be possible, and thus the very rule to which 

* Leonhud Inelndw tbMs^lbmutlont unoi^ thou which are of dfr-Ki platonic 
derivation; and bj thli ha meuu that thsf aacsDded fhnn tbe depths of the earth 
in the fbrm In which the; now ore ( ? '' oIi mlcAt," Out U to wj aa gnusa, &c.), 
and th*t the7 were the <M lolidlfied cnut of the red-hot globe. It la not ettaj 
to peiceive how both Umm nppoaltioiu can be edmitted together. 
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Aese geologitts so stronglj profen to adhere u directly 
violated bj themselves. The noUon that a et^a^JiSmiimm- 
tmder etrcmg pressiire, or great tMisun, waA avfta^ B^lii 
possibly have pntdnced the peddiar tcrtore ui these rooksv 
should least of all liav» been heard from those tiwtriitr«t 
whom we are- lunr ^Hong, who, accordiag to- t&n- own ac- 
cotmt, foBow such strict princi[^«s. Bat it is still worse 
thftt this parfy most deny the very cleareBt geognostical tBOis, 
bi order to maiataifl their opinion. It has now been ob- 
served in many places, that strata of rock, which can be re-. 
cognised by any one, by means of the usual characters, as 
masses that have been produced in the mechanical way, and 
deposited in water, present themselves for a longer or shmrter 
portion of their extent as gneiss, mica-slate, or some one of 
the rocks now under discussion, and thus plainly exhibit a 
transmutation in these portions, inasmuch as a direct " Nep- 
tunian " crystallization can just as little be supposed here as 
in other cases. As here the geognostical fact itself decides 
the qn^tion in dispute in the most complete manner, inas- 
moch as the confirmation of these geognostical observationa 
gives it to ua as a pure result of observation, as a, fact, that se- 
dimentajy, originally nncrystaUine masses, have, at certain 
points, been converted into gneiss, mica-slate, &c., it must be 
fiatly denied by the just mentioned party that such strata exist,, 
which are partly crystalline silicide masses, but in their other 
portions have retained that condition which betrays the ori- 
ginal formation of the whole by means of deposition in water ; 
and, accordingly, this mode of proceeding has not been omitted. 
The opponents of the principle of transmutation have a 
much better field in regard to conversions that have taken 
place on tiie great scale. Where we see no unaltered remains 
of the transmuted, masses, the conviction of the change that 
has occurred does not follow directly firom the geognostical 
phenomena themselves, but can only be founded on the con- 
clusions derived from other evident cases. As in this way the 
knowledge was obtwjied that entire large countries, which are 
almost entirely c(nDposed of gneiss and similar rodra, are 
enormous altered formations of sandstone, clay-slate, &c., this 
result did not ful to be tflrmed an hypothesis ; and undw this 
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deB^Eiutioa it waa broogfat before tbe jndgnoNit-seat of fAia- 

nastrf. As those who adopted the doctrine of transmtttatioa 
had committed the fault of not distinctly Mpir9f,iTig Trbat was 
tbe incontroTertible resoh of geognostical obaervationft ^n 
ihoae immature explenations with which they deemed it n»- 
cessary to accompany this result, it thns undeniably aoqoircd 
an aspect of nnoertainty. Thus proclaimed by its adversaries 
to be a mere idea, and obecm^ in this manner by its champions, 
it was r^ected by the chemists, who estimated the whole ao< 
cording to the sabjoined chemical suppositions. " The most 
distingnished chemists of our time," says Leonhard, " have, 
as was to be expected, exfH-eseed themselves stomgly agwnst 
the transmutation theory ; they oharacteriaed it as fonnded 
ou an insecure basis. Althoo^ there are many of the higher 
[SYiblems of geology which chemistry may not be in a positioa 
to solve, yet it certainly does not become the former science to 
hasten beyond the latter ; and especially in eueh bold hypi>- 
Amm as those in this theory, geologists require recognition 
on the partafdiemistry as a guarantee. Can ve blame chemists 
for keenly finding- ftilk vith the adoption of obscure processes 
wiUiout taking into oonefiftniiaiL the how and wherefore, 
without naming the agent which prodaoed these very strange 
phenomena, withoat pcanting out whence this or that ele- 
ment in the newly prodaoed formations was derived, and 
withont indicating the manner in wUch the others £sap- 
peared t " Now, it is well to notice that, In Uiis reasoning 
of the influential author, those chemical speculations brought 
forward by certain geologists, and which have produced mis- 
belief regarding the result as to transmutations, are alone to 
be understood as included in the expression inteanre hemt of 
flie " conversion theory ;" fiw the true basis of our knowledge 
of the c<»versions in question lies beyond the proper limits of 
chemistry. When two equally good geolo^oal hfpotheaet, 
which regard a sul^eot of a tjifmifftl nature, stand side by 
side, it is then quite pn^>er Aat the decnsion should be referred 
to chemistry. 'Bat we repeat it again and again, that dus is 
by no means the case here ; for, whoever wishes, can aee, that 
transmutations of unerystalline strata into crjwtalline silicide 
roc^ Move ttAe» ptacs. Tbe tjuestion no kmger turns by any 
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meana on the possibility or probability of tbe transmntstjans, 
inasmuch as it is now absolutely certun that tJbey have res^y 
occoired. Altboogh, in ike mean time, they may be chemi-^ 
oally inexplicable, yet this can have no influence on the iocon- 
trorertit»lity of the result How many other facts are there 
not whidi still remun chemical my8t«rieB. WheOffor example, 
certain afler-ayttaU of aogite are foond, ccffitwiung a con- 
uderable quantity of alkali, whcee origin is incomprehen- 
sible to chemists, the conviction is not therefore suppressed, 
that in this case augite has been transmated. It is only 
the explanations added to the matter of &ct which can 
here be blamed by the chemist ; and, certainly, in some (^ 
these occasion has been given for their proponuders being cnt 
short by the " how " and " wherefore," or it has been found 
necessary to advance beyond the limits within which the ex- 
perimental investigator must remain, and which are often re- 
garded by him as the boundaries of the science itself* 

It will thus be perceived that, in two respects, we cpn^er ' 
that par^ to be in error, who prefer considerii^ thd* crystalr 
line silicide rocks as erupted masses which'liaTe been solidi- 
fied from an originally burning liqtud ccmdition, instead of th« 
regarding them as transmuted, <»iginaUy uncrystalline, slates, 
sandstones, &c. 1. Because that party have turned away 
from nature, which tells them that such transmutatif^is are 
actuaiiy met mith, and have addressed themselves to an incom- 
petent authority with the unnecessary question, whether such 
processes are possible ; and, 2. Because, after receiving a nega- 
tive answer, they believe themselves obliged to rfiject palpable 
facts. If we are not vrrong in these accusations, nothing else 
is required to shew the disposition and tlie judgment vriti^ 
which tiiese theorists proceed. It is not at present necessary 
to consider other weak points of their geological result. 

' • The lamentable part p«ribrmsd by Beologtats aa to the qoestloti of tlie for- 
matlaii of dolomite alao natorallj ocean t« na Id apeaUng of tUa nibject. Tn- 
ttMd of, tX aU oventi, at fint, adhering dmplj to irhat paMnal obaaml^ 
tangbt them, namelf , that dolomite la ineontrovertibl; a tranamated caitMinate of 
lime, and initead of enriohiiig their aclence with this reenlt of observation, aa 
with an incontestable ftct, they went with their dlecovecT to the ebamlsta, pr*. 
aenUi^ it in tfao ibrm of a thsory. Now, *a this tbaory could reeeive bo appro- 
bation from the chemists, the good people renuoMd standing with empty Iiand^ 
notwithstanding the great dlscoTei7 which they had really made. 
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Let ' us DOW torn to the other pari;,' viz., to those who re- 
oognise the reality of the transmntations. The mistake com- 
mitted by these geolt^ists, in not, above all things, bringiag 
forward simply and aoMiy the ascertained troth itself, has been 
already alluded to. Owing to this error, the general receptiMi 
<^ this truth into science has been refused ; and notwithstand- 
ing that care had been taken jost to render it agreeable to 
diemists, by meuis of attempts at explanation which were 
added, nothing was obtained from them bnt an admonitory 
lecture, of which a repetition has been given above. By 
adopting beat as the chief agent in the transmutations, it was 
expected to satisfy the chemists ; and I shall here limit my 
observations to this circumstance, that the conTersion-phe- 
nomena are in this manner brought under volcanism. 

None of the facts relating to this question are in favour of the 
(pinion, and many are offoitut it, that heat has been,in operation 
in the conversion of various tmcrystalUne rocks into gneiss, 
homblende-slate, &c. In so far as the transmutatiiHis have 
taken place, where the altered strata meet with certdn bound* 
ing foreign masses, no case has yet been met with, which 
shews, as a matter of tact, tiiat sudi masses have produced the 
i^ange in consequence of their baving been in a very hot con- 
dition. It is bnt pure and mere hypothesis when it is asserted 
that tlie rocks here spoken of were in a hot liqmd state ; and 
«ven though they had been so, it is f^ from being a necessary 
c<mB«quence that the change was effected at that time. I have 
previously directed attention to this point ; and I have also 
already st&ted that, moreover, there are circumstances con- 
nected with the contact-changes which really positively prove 
that heat did not operate in canang these transmutations. 

Those gneisses, mica-slates, talc-slates, &c., that are not at 
all in contact with the nnstratified rocks, near which, generally, 
meeting strata of different slates are seen to be crystalline, 
seem best adapted for disproving the idea that the change 
by which they received their crystalline structure was pro- 
duced by the aid of a very high temperature. In order to 
shew whence the great heat came, the most arbitrary hypo- 
theses are had recourse to, bat even these fail. When 
whole cotmtries, from the surface to the greatest depths, are 
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composed of gneiss, it is alleged that tbe origioftl skty huum, 
some miles in thickness, has been heated throngh and throng 
from the internal general reseiroir of melted materials. But 
what as to the many cases where we fiod the traosmoted beds 
I%h up in series, whicli contain unatUred strata nndtr the 
altered 1 The answer is, the altered strata there are no longer 
in tlieir original sitnation ; either thejr hare separately been 
elevated to the place which they now occupy, or the whole 
series of strata has been reversed ! It is really remarkable 
that people will bo designedly d«c«iv« themselTes. Hie geo- 
gnostical facte oa the subject are to auoh a degree tpeakmg, 
that although they have hitherto been bat vetj auperfieially 
considered, and theo only regarded witb a pngodiced eye, yet 
indiridaal geolt^te have been induced to warer r^aidiag the 
hypothesis of the action of heat. We now hear something of 
electrical and otAer Hom-tMermal aetiomt, which were in c^eratimi 
during indefinitely long p^ods, and which, along wtth the 
high temperature, hare contributed their assistance to pro- 
dace the chaogee.— {Lyell's ElemmUt p. 251.) 

But why will geologists not place entire confidence in what 
the natural [^enomena teach with such clearness 1 By stop- 
ping half way, It reouuns equally Jmpracticabto, as we have 
seen, to ^re an explanation in which chemical experimental 
observation shall not be anticipated, while, on tJie other hand, 
a true E^prehension of the fftcts is prevented, and a cheek is 
put to fartiier advancnnent. 

UHSTBATiriED CBT8TALLINB SILICIDB BOCKS, 

We have still to ^»eak of the uoativtified cryBtalliae silioide 
rocks. The prevailing raroneotu ideas regarding the fetiUa' 
tion of the crystalline states, of contac(>products, of marble) 
dolomite, &c., have, in fact, been caused by the view ent&- 
tained respecting the unstratified stlicide rocks. It was here 
that the irrational principles of investigation fint came into 
operation, and here, that method which baa so undeservedly 
come to be regarded as tiie true i^ilosophical one, especwlly 
found its application ; the other questions were m«« acces- 
saries to that respecting the last mentioned furmattons. 

It is said that we must auume tiiat granite, syenite, por- 
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[Ayry, Amygdaloid, fte., Sic, have become what the; now are 
fsam a melted condition, because this opinion alone is aatif 
feAtwy to the chemists. 

Thus is this impcHl&Bt matter settled 1 

Bat if the case is, that we need not at all mtnm* any Aing 
as to the mode «f formati<Hi of these rocks ; that, on th& con- 
trary, by the fltody of tiieir geognostioal rdt^ons in a rsaBtm- 
able manner, perfect certainty can he e^ined in regMd to this 
problem, at least up to a point, which in the mean time 
most be sufficiently Satisfactory to geologists ; and if it is the 
cases that chemistry, on its part, is precisely not in a position to 
detirer a safe videlur in this matter— -then does this mod« of 
proceeding not betray either a want of knowledge, adefioieney 
of sound judgment, or a wilful oppowtion to what is right 1 

And shonld it, moreover, be the case, that the really un- 
prejudiced chemist will not be pre-eminently, much less ex- 
chislTdy, satisfied by the hypothetos q)oken of, that at least 
be cannot connder it as chemically more eoitable thantlie 
result which can be obtained by geological investigations on the 
subject, then most the aecusation made receive still more 
weight. 

He who studies the geognostical relations of the unstrftti- 
'fied ctTHt^line silicide rocks, will nndoubtedly meet with 
many obscure appearances, and with many circnmstanoea 
which seem suited only to envelope the subject in dark- 
ness ; let him, however, but pursue his investigations with 
assiduity, with reflection, and with the sole view to discover 
the truth, and he will find it tobeacertoiiiflKrtftfr^/ac^that, 
with a few, partly undoubted, partly problematical, exceptions, 
these rooks also became what they now are, by having be«i, 
so to speak, twice formed, first of all. by any of the usual modes 
by whit^ rocks are almost formed before onr eyes ; and next, 
by mi alteration whidi proceeded on the very spot, in conse- 
qnenee of causes which are stiil unknown, whereby theee rocks 
received their prescmt petrc^raphical chwacter, which jost 
constitntes the difficult part of the solject It may be dis- 
agreeable and disheartening ia us, to be obliged to receive 
into our science an incomprehensible position founded on ex- 
pwienee, and which must stand there as such in all its naked- 
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nesa ; but what is oomet in feet cumot be r«gected on titat 
account If this epigeaetio mode of fonnation, as it may be 
ihortlf termed, were even Less intel%ible than it really is, )£ 
even also ihere were no prospect of onr understanding it better 
in fhtore than we do at present, yet wc ongbt to find no rea- 
son in this for casting away the resolt that has been obtfuned ; 
ioc, as it is entirely a matter of fact, it mnst remain) however 
burdensome it should becffine in regard to its farther eiq>la- 
nation. 

It is not my intention to discssB fblly here all the facts 
which shew that the nnstratified rocks containing qtiartz, and 
otHnposed of crystallized silicides, are transmntatlons of what 
were originally sedimentary, or periiaps also partly eroptiTe 
masses ; Imt the position of the matter is such, that the most 
impOTtant at least of these &cts must here be bron^t to tlie 
recollection of my readers. 

1. Granite, syenite, greenstone, porphyry, amygdaloid, 
&c.| are often fonnd connected, by gradual transitions, with 
stratified roclcs, which partly in a direct, partly in an indirect 
way, present themselves as formations, which were origiDfUI; 
deposited by water. The most striking phenomenon of this 
kind is when the nnstratified rock is entirely surronnded by 
sedimentary strata, of which some with their terminations, and 
others with their hanging or lying sides, gradually pass into 
the epigenetic mass. The assertions that have been made 
regarding these occorrences, for the purpose of sopporting the 
eruption-theory, are quite conbury to nature. Among the 
.most frequent of the transitions where the stratified rock can 
:directly be recognised as of ordinary hydrogenic ori^j are 
those feaia fossiUferous clay-slate into diorite and other green- 
stone rocks. Of those from strata which can only be indirectly 
recognised as hydrogenic, the transitions from gneiss into 
granite are the most usual. Here, however, the phenomenon, 
certainly in most cases, is to be understood in tiiis way, that 
one portion of the origUial hydrogenic deposit was converted 
into gneiss, while other neighbouring portions assumed the 
character of granite, which two rocks, by means of their 
close mutual relationship, can. of conrse easily run into each 
other at their common boundaries. In Norway, there are 
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interesting and not nn&eqnent tnuwtions from slateB partly 
approaching clay-slate, partly cUorite-cdate, and partly qnwtx- 
slate into EdieJHnt porphyry (Forpkyre d base de PetrotUe* 
of the French), homstone-porphyry, &c. These porphyries are 
rendered so much the more instmctiTe by their retuning, even 
at a considerable distance from the characteristic slate, its par- 
allel structure to a certain extent, so that the original strati- 
fication can still be clearly distinguished, altfaongh the mass, 
when examined in small pieces, is a perfectly characteristic 
porphyry. The same slates pass also into gneiss, so that it is 
easily explained how strata are sometimes encoontered, whioh 
confflst partly of gneiss, partly of such porphyries together, 
with complete tmnffltionB between the two. Gostar Rose 
noticed similar transitions in the neighbonrhood of SidilaQ- 
genberg (Stite nach dem Ural, toI. i. p. 558.) 

2. Each particular kind of crystalline silt<ude rocks is more 
eq>ecially associated with certain oncrystalline stratified rocks, 
so tliat a more or less ocmstant genetic relation evidentiy sab- 
rasts between two and two kinds of the two great classes : as, 
for example, between granite or syenite, and clay-state, be- 
tween greenstone and greywacke-slate or clay-slate, or newer 
slates petrographically Eomilar to the clay-elate, between hom- 
stone-porpbyry and flinty-slate, between red porphyry or 
amygdaloid and sandstone formations, &ic. 

3. It is possible that, in some instfmces, errors have been 
committed in the accounts given of the direct occurrence <^ 
fossils in the rocks in question, and that, in such examples, the 
only petrifactions observed were those which had formerly 
belonged to other older rooks, £ut, undoubtedly, this has 
not always been the case when organic remuns have been 
met with in crystalline olicide fonnations. It is self-evident 
that such an occurrence must, on the whole, be a rare one ; 
for the conversion of t^e original rock into an aggregate of 
crystals, which is frequently very coarse, must, in most in- 
stances, have obliterated every trace of the fossils which have 
previously been more or less perfectly preserved in the mass. 
However, these occasionally remain, to a certain extent, pre- 
served, and they then clearly prove that the including mase^ 
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like other* fonUiferoas nwks, mw originally Bedim«tary. 
-Th« examples giiTsn by MnrchiiOB (Silnriui System, vol. i. 
-dieters 10, 21, &&) of the occnrrenoe of petriiactissB 
in different trapa or sinular rocDn, are among the newest fitots 
of thia Jcind ; and they ean bo mnoh the len be rejeoted 
by geologista of the present day, became the satluir, aa is 
-veli known, is a zealons Toloanist. His haring in this 
capacity arbitrarily as»gned pecoUar names to these nxb 
oontaining fossils, cannot much stand in the Wny of obt pro- 
per apprehenuon of their real nature, and cmly shews how 
Uttle the system, which it is so constantly the endeavonr to 
support, is applicable to the very phenomena Trtiich are ao 
distinctly and fully opened up to view. Murchison reo^ 
-nised perfectly distinct traces of eocrinites, trilobitss, and 
other Edlorian orgaoisms, in masses which, accwding to die 
petrographical description gireiit must be sometimes perfect- 
ly characteristic syenite, sometimes greenstone, sometimes 
a kind of febpar porphyry, &c. As diase maswe, according 
to the statement of the author, frequeotly pass into the stra- 
tified and mechanically deposited rocks in which, aa their 
ori^nal repositories, fossils generally occur, there is no 
reason for supposing that the organic remains met with in 
these' crystalline rocks, proceed from petrifaotions derived 
from any other quarter. Murchison has also really acknow- 
ledged that these animal remains existed from the first in the 
masses which he found presenting the diaracters of the above 
mentioned crystalline silicide rocbs. Lastly, it is also woi^ 
thy of all attention, that he describes these masses as hav- 
ing, for the most port, the nature of beds, and frequently 
alternating, in this form, with BaadstoaC) slates, &Cv but, ne- 
vertheless, sometimes constituting one mass with the amor- 
phous portions of the same rook which frequently occur at the 
same localities. Murchison's descriptions are in the highest 
degree convincing : it is perfectly evident thati at particu- 
lar places, many of the silnrian strata have been either par> 
tially or entirely converted into trap or other nmilar ronAs. 
Even the volcanic language employed on the same occasion 
mnst contribute to strengthen this conviction ; for it sounds 
quite like irony, and the explanation ofiered is really a cari- 
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oftture {^the Tolcanic tlieoiy.* — It will be curions to see to 
what mode of escape the advocatea of the Tolcanic syMem will 
tnve recooree with respect to the incoitTeiiient discovery that 
the agate-baUs of Oberstein-^masses derired from one of the 
rocks re^tfded by them as pyTogenio—coDtaiii traow of o^ 
gaoiams. 

4. &Uny of the relations of fwm Mid extent of these roclts 
shew direetly that each masses were originally sedimentary. 
ComparatiT^ very thin layers sprrad over an immense area 
(of which the most striking examples are aflwded by Iceland, 
and perhapa in a still hi^er degree by Hindostan) eouM oithf 
hare been deposited by precipitation from water. 

If now, in addition to such positive criteria for the epige- 
netic mode of formation of most of the crystalline granular 
silicide rod[B> we bring forward all of what is more of a nega- 
tive charactor which can be adduced against those two hypb- 
ihescs regarding their origin which have successively prevailed, 
the nnreasonableness of adhering either to the one or the 
oliier of those will become still more apparent-t But, as re- 
gards the Tolcanists, sach a clinging to the view once adopted 
must be considered as quite astonishing when we are told, as 
' I have already stated, that this is done in order to retain the 
eecnre foundation of chemistry. Hiis can be but a false colour 
given to the matter. In the fi[«t place, chemistry here affords 
no secure foundation whatever; to-day it proves that minerals 
composed of silicides can be formed in the moist way, re- 
garding which, but yesterday, it found that they are of pyro- 
genic origin. In f&ct, the confessions of the chemists them- 

* It mv be worth noBrking, tint If tha trap itratarwUfmre&t&iM "Itwlj 
kTig>l«d Tolcanic scorUe pBtsiiig into suid" (Miirehlsoa, 1, 76), which fell to tlie 
bottom of the sea ta whidi, at the eame time, the whole Bilnriaii formatloa wu 
depouted, even thia miut tall in fiivour of Epigentm. If epigeaism is rejected, 
it caonot be s^d that such suidy maeece became crjstalliDe trap beds, withoat 
InTeDting procetKi which never took pkce. 

I maf also aotico, tbat t, Qannan geologn^t, who. In hie own country, obfetved 
natty greenBtones contidniiig foBidla, but, ilaTiabl; fbllowing Morchiaon, regarda 
them as Tolcanic tuffi, Deverthelesa proves, that these ipuriom greeortonel, a< h* 
terma them, are, petrogrsphtcally, oompletely the aame as the othen. 

f One of the mcnt receat piecea of evidence ag^at the pTn^enic origlil of 
certain graolta maaaee anil other aimllar nxika, ia the oocumnu in them of what 
are termed pyrognooiie mlneraU. 



D,g,t,.,.d.i.COOC^IC 



173 Pin.flusor Kdlbaa on UtutratyUd 

selTes bave also been very difiereot.* It will be remem- 
bered, that just a short time agoFiicbB,nomeaQchemuAl aa> 
thority, took op die doctrine of Neptnoism. In short, it is a 
pure fiction that dtemistry is in posseseicm of an immovable 
foondation on i^hich cna knowledge ref^iecting the origin of 
tlie crystalline ulicide rodis should rest In the next placOi 
it may probably come to pass, that when it is decided b^fnre 
a petfectly impartiai tribunal, whether, in tlie case before ns, 
Epiffenitm may not have as good cltums to the approbation of 
chemistry as Volcanism, the answer may be in the affirmative. 
If the discosHMis regarding the processes whichhave been de- 
ugnated by the name of cementation, regarding what are 
termed <* aetiom lentes," regarding mcdecular movements in 
solid bodies, &c., have not materially asasted us in under- 
^tandingMie phenomena on which such discussions tara ; jgtill 
these phenomena, which chiefly lie in the more limited sphere 
of investigation of chemistry, are sufficient of themselves to 
shew, that that description of nature''B aeticms which is to be 
discerned by means of the study of the epigenetic rocks, can 
idso be satis&ctorily recognised elsewhere, and is certainly 
quite normal-t 

It must undoubtedly be chiefly owing to want of knowledge 
of the subject, tbat the qnesticai as to the fcsmation of gran- 
ite and the other rocks more or less similar to it, has been 
treated in the manner mentioned above. An intimate ac- 
quaintance with more than one part of tlie subject is requisite : 
bat this is, above all, necessary with regard to the mode of oc- 
currence of these rocks, their relations to other rocks, and, in 
diort, all the phenomena and circumBtances which can interest 
geolo^ts. A proper knowledge of this kind, however, it 
partly mantiny even in those who are considered at the sreattat 

* Upim Uili nlaect I Iwtb taHj e^ nme d my i^iiiiaa In my Ii(tl« pnbUca- 
U<p, tatitlul, Einign gesm dtn TiiUxuiJnHu, p. eC-eS. 

t On* of the most intentUog of tbe newer Ada c<nuwoted frith thia nbj«ot 
ii the traimnntatioD of old gU«a, regvdinB which Brewster nude & conmnuiic*- 
tiiui to Um Britiih AMod&tion at Olaagow in 1S40. The hmiogeneaitf tUM piw- 
doced by fndon and aubMqnent cooling, had, aceoi^ng to him, acquired a hata- 
ngeneoQi and cryitallina itructnre ; the netallia paitislee had aepantad Umb- 
aeliei, and tJie ailiceoui particlet " had renunad their podtion ai regular oTriab, 
and arranged themielvaacireiilarly round tiie centre of dscompodtion." TtMB^''* 
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im^oritietintMetcieHce. It will doabtlesB be tlioiif^t unpK^ier 
that I should ventare on socb an usertion, bat I catmot Iteep 
it back, as I am firmly coDTinced that it is troe, and that it ia 
neoessarf to make it. It is ondeniable that the difficolt^ is 
Ter; great of attuning to a perfect knowledge of the relations 
t£ tiie rocks under consideratioa. It is only at very few points 
— and even these arefwUte most part very difficult of acpees, 
uid are ft-equently remote — that these rocks are displayed in 
such a manner as not to be misonderstood. Most obaarrers only 
Bee localities which are of such aoatore, that.in their case, theo- 
ries and imaginatifoi come to form the chief part of that deline- 
ation of the nataral phenomena it is the object to produce.* 
Whej;^ jibjs takes place, with those who make a personal exa- 
..;.,Bunation of the swt^ect, we may easily form an idea of the 
titnation of the gBoIogists who must derive their information 
(ttaa de8cription8.t The deficiency of knowledge can thus 
be excused; but still it exists. Were tlus not the case,-~did 
the many geologists who believe that it is not their province, 
but that of the chemists, to decide on the quertion as to the 



wu ezesntod among Um ralH of tha Cbaptw-boBM of tho CUhediml of Bt Ao- 

* The fnDowlBg ii • moot mmibblo onaplo at tho axfant to wUd) thb vaj 
ivoceed with tma the mort eipcrlaieed obwrrm. In mtomI port! at Bwedoi, 
M ii vsll kaown, horiMniU tnodtioD rtnta uo Ibund rapaoiiig on an ftndent 
mrfkce of rock, whldi ooultt* of the npright eodi nt badi of gatim. Ifothing eta 
bi VKff* cortain utd man dm^e than thii; «nd the relation eui be directly and 
ffiftincUj obOBVadat manjirf Am p^nt* whan the two ifitanu of rtnta ineef 
Midi other. Nerarthaleai, It Utelf eeo^ad the obaerration ol ome of the mart 
im«ticedg«olagi*ti. Dtuing Ui Ia*t ri«lt to Bwed«n, Ton Bndi ww lo hr ftow 
babig able to notiee it, that, on the oonttaiy, he Maerti that ■■ the gneiM i« ntver 
iocontact with theae tniultlon rtiata, but ram^ni ererTwhere at a iJlitance, and 
irilh»dla»oetniar^''MJV'«M.r<(Ar«HiA/Nrlf«t«rai»rJ«, lS49,p. S83.) From 
thii result of hia examination <tf the localitiea, the author then fiitmi aome tnoit 
rii^inlar ideea regatdlng the intwnel itmctore and origin of these mountains. 

t T^ geologicftl antbon and tMchera belonging to the lart data, who onfbr- 
tiuatelj an not tvw in niUDbar, are, however, Joat the indlTidnala who feel 
pariMIf aaanred on the anlgeiit, A» an illnatntion, I mi^ initanee a Qaimaii 
aAnolmin, vho fnkmft narer tur a moantain, bnt haa fUt hlmaalf called npon 
to writ* a book aa"Tht ComtkuUim 0/ lA* Olobi." He n;*, Oat, with the ch»- 
mloal waaonafiMftha farmatimirf granite ftom the melted atate, those alao agree, 
whioh ■!• derired IVom podtlooal anasgement ; and tlwH, he atavta, are qoita 
dceUve ; while, aOMrding lo hli opinion, Mae lAjwtieai might be nude to tha 
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ori^D of the crystalliiie (oliude rocki, know how p«rfeodj 
ooDvincing are the gM^ostacfil facte which aetaallyexist a 
an answ«r to the question ; were they fully aware of the many 
ccHnpletely condnsiTe [XHiitB with r«g«rd to the oooiuTeBce «f 
these formations,— then immediately it woald be nniversalljF 
perceived how natural and reasonable it is to take into eon-^ 
riiKatioQ, above all things, the geological data, and then the 
«MM^liiltn of geolc^y, which is so extremely requisite, 
wo^S bfe aMM|}Ushed. The misfortune is, that precisely 
atttloag as this emaaig^tion has not taken place, geologists 
are piimajtiil tirom siipi%a|( -ahat has hitherto been ne- 
glected. In ^ mean tim^ I, 6«p* liitL no one will b« 
prevented from invariably seekinif- fff infbmatiift Saonded 
on fact, or, moreover, itom. ^plying nJMlt he has disoovMiA 
in aa un&lsified Mate ; and the' period musMventnally arrive 
when geology shall rest on an independent basis. Although it 
must always continue to be felt as a deficiency, that bo large a 
portion of the globe can only be observed indirec^y, yet it is 
nerertheleas poauble materially to remedy this de6eiency, by 
property conductedinvestigatious, in themanneralready pointed 
out ; and the existence of the possibility gives us sufficient se- 
curity that this will happen. It will then, I trust, be rendered 
evident to every one, that the history of what took place in 
and with the «nwt of the earth, composed of mountain rocks, 
is by no means lost to the extent that certain persons of great 
influence assert ;* and some misuuderstandings of the mget 

A walwl ■rpmwnta. CtrMulr Am blind knmr mora of coloan than tUflwortbr 
■u torn et Um rdatloDi on wUdi be nata wtUi k mndi confidaaM. 

* I noft htra be pennitted Ut add »aat remarks mfigetted bj what li lald In 
Benelina* Jahretberidit for 1S41, with roftrenee to an ardele hj Btuder. " The 
geologiata,'' It ii Oiere usertvd, " who aoppow that ebsmistry mii«t 1>e able lo ex- 
plain all geological obmrations, tune entirely tbrgotten tiiat Uiii explanation 
uuit be (bonded on Hilnetblng more than chemMrj." In tbii there U truth ; 
•ad It nisht appear tiiat he who Uiiu oiprawed hlmaetf, miut be at on* witli the 
Tiawi brought forward in tho pneent paper. Thii, however, ia I9 no neani tW 
ewe. Immedlatelj after thii pairage, the aathoratatee It aa hi* (pinion, that If 
gaolo^ata eonld but gin a eoireet hlitoij of lb* diangM i^eb bave taken phea 
in the Croat of the earfli, chemiatij, avan in it* praaetit alate, eoOld glva enot 
ezplaoitioni of moat of tbam. Bnt wa cannot expect that tbit ibonld erar take 
place, for It la given oa to tinderalaad (bat tbli hlitory I* tneeoTenUf loM: I do 
Mt know what the Mitboi wobU i*qidr« In MKb a hiitoriod d«IlMatlen eflAat baa 
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i(A wbicb) nnfortanately, distio^ished investi* 
gitmmtaa mn i n e t, niTTlhaBlMi iiiiiiii]_ and no one, bow- 
m^ffaaLamfhAUiLaame^ will aBow^ Uanrif dhfellHPEid^ 
fciHi j i ■■ ■LjtKi i lwi rf^ig-'HaiKMigiiiiiiiMBh'' Urtonco- 

geologicBX Jilcta of tlie first rank. 



oewwrri to tlixwit «tfli»a>«fc»ttt» 1— b ^ght fc^ jH i J fi l l i i J i il i^. 
would. Bot toaUa toMtls^tltti«; but ia 0>i» mm It ia to barmnuktd, that, 
■kviaA afliBtlMidatlon <£ That had (aken pUca, tbwa wgold luA bt mncb 
HliwIliHi u to u •zpluMrtiDii, tar, in tbii tladdatlan, tha miea <€ dtemiod 
•nnti iTMild alM fbm »n daaitat. Hbonld, howanr, uaJj riiwnrtle raquii*- 
iHatibaiMdaMto>bi*tor7of thUUnd,UND U it 1117 apl&len, whai alMadj 
been wen, that tbla ckobe MOompUibed, but iliat ehemistiy will be found defi-, 
d«at in a greater or Urn degree, and eapeciallr if it will not admit of an^ otber 
illuitntioiu bat tbose obtained in the lantl nutmv bj ezpeiiDient. 

I^ following, fbr example, !■ • fiagiiwnt of geological bistiHy — pnra and nn- 
diigiUMd history— ia regard to which I ventore to think, that it U In all ita parU 
per&atlf to be relied on. At some period or other afler the strnta ounttitnUng 
onr aD-teimed primitive gneiss-formation had been bronglLt into their present up- 
rlg^it poatlion, a eertei of strata were deported at the trandUve epoch, wliidi 
■ftarwudi were Tartonal; tmnimntal In « gndaal nwiiner, and at the orffinaij 
tempentnre. We see moat of them now at dsj-ilates, bnt other portion* exhiUt 
more or lees a^gtalline masieft, which occur •■ w^ in the ala^ form as in the state 
of nnstratified rocki. These were dereloped, not quite Irregularl;, i««ording to 
their different kinds, in the transition lUatrict; tbur. In the neigfabonrhood of 
Oirlstiaala, it ia qnite evident Hiat alw^^ oolf a particular part of the massea 
<^ tlus fbrmatiOB, Tii. ealely mtae t^ the beds wldoh lie next the f^mdamental 
rock, have been converted Into a peculiar kind of porpl^iy ; in conaeqaence <rf 
which this porphyry is quite generally met with in the form of beds, either direct- 
ly on the fundamental rock, or at least near it, (Gin Norveglca, i., plats il., fig. 
6, T, 8). — Now, must not the chemist, befbre whom this account is placed, with 
the request that he will give an exact explanation of the act of formation of tiieae 
beds of porphyrj, confess that the problem ia beyond hla powen I Bnt thia ha 
most eonftss irith respect to many much less important cases. Chemlitry ia not 
}«t In a position to explain the change produced on glass by long lying, observ- 
ed by Brewster, and mentioned at p 173 ; s diange wUch, it may be remarked 
■a paving, ia nndoabtedly aoatogous to that of the conversion of a more or 
less bmnogeneoos lodi into porphyry, dlorite. Ice. Let it tiien be assumed 
that, altkoogh the chemist be forced to make this confeasion, be la bf no meiuis 
absotutelj unwilling to admit aa true the above hiatoiical report ; bnt that, on tha 
contrary, be Is inclined to investigate the sabjeot mora eloaely. In ecmiblnaUon 
with the geologist ; than hi* reasoning will ba as fallows : Many thing* tra po*- 
rible In natare, whleh are not (o In lahoratorita'; tn the fonusr case, enormoo* 
P iam o s are in deration for eooroon* period* of time ; ia the Instaooe before us, 
we hare to take into aaoount that enormous ^)paratna which Is prodooed by tha 
dlflarent mutual portion of the bad* of the two formations ""fHng *wh othsr ;, 
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Atuifytu of Wint* from JPliUettinet Syria, and Atia Minor. 
By Frofeseor Edwaxd Hitcbcock, LL.D., of Amherst Col- 
l^e. 

It is wdl blown, that in Uie iiwiMBOTH irfiioh bare maea in thii 
countrj and Enriand oa tlu Bubjeot of tomperaaod, mneb hai beem 
nid re^eetiiig uie character of the wioee described in the Bible and 
othw ancient writingi. By Bome it waa maintained, *< that few, if 
any, of the wines of antiquity were alcoliolic ;" that the strongest- 
grape wines of the ancients had in them a len quantity of alcohol 
than our common table-beer ;" " that of one hnndred and ninety-fire 
kinds of wine used by the Bomans in Fliny'a time, only one was al- 
coholic ;" " that amongst the Jews in Jndea there was a real di£- 
onlty, from chemical and n&tnral causes, in the making and preserr- 
ing any wines except the mifermented ;" " that the wines c^ FaleB« 
tine were not alcoholla," &o. (Anti-Bacchus.) A rast amount of 
curious learning was put in requisition in the discnssian of this sub- 
ject. But it has seemed to me that a few analyses of wines from 
some of the most famous locaLtieB of We8t«ni Asia, whence the wines 
of Scripture were obtained, would do much more towards settling the 
qnettion as to thar alcoholio character, than the most ingenious phi- 
lological criticisms, And I confess I was sarprised to find that no 
such analysis had been made. I wrote, therefore, to my &iend, Rer. 
Henry J. Van Lennep, American missicmary at Smyrna, requesting 
him to Bend me specimens of the common wines of Palestine, Syria, 
and Asia Minor. As Hr Van Lennep was a native of Smyrna, I 
thott^t he would be better acquunted with the proper localities than 
a foreigner, and be mo^ sore of obtaining specimens in an unenforced 
and umidulterated state ; while the fact, that he was educated in 
this country, wonld make him lolly acquainted with the precise object 
I had in view. I was pardcnlar to request him to send no specimen 
but the pure jnice of the grape, to which no ardent spirit had been 
added. To my request he kindly attended, though with no small 
trouble. In a letter dated at Smyrna, Sept, 23. 1842, he says : 
" I have been a great while in fulfilling yoor commission for gpecimena 
of wine &om the Levant. I have met with a good deal of difficulty 
in obtainii^ specimens from Syria and Palestine, or rather in getting 
them transported from thence. For what with quarantine regula- 
tions, delays of vessels, &c. it is now more than a year, I think, since 

^^nd, In this msaiMr, at least ths posdUIity of otttainlng light and Inri^t in 
ngatd to tin nbjoct mnld Iw •ffonled.— -All thli is -nrj dlfibrent in Iti natora 
mod eonMqneneM from tlM eooTM followed, of r^uding th* ■bore hiitoriod report 
M an illniian, beeawe flnti belonging to th» pravliiM of cheinlitrj are thareln 
rtittd, tot whoae uplanaUou that idtikoo has not yet fimnd ttw kqr. 
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I wrote to some of the missionaiy brethren aX Beyroot and Jem-- 
salem on the subject. I now forward to Boston, to your address, a 
box containing the following : — One bottle of wine from Mount 
JJebanon, one year old, and another from the same place six 
years old ; two bottles from Hebron, age unknown ; one bottle 
from Corfii, age unknown ; one bottle from Syria, place and age 
unknown ; one bottle from Cyprus, not old ; one bottle from Samos, 
not old ; one bottle from Rhodes, one year old ; one bottle from 
Smyrna, new, that is, about a year old. I hope the custom-house 
officers will not open the box, and shall therefore write the contents 
on the outside. But with all the precautions I hare taken, I should 
not be surprised should they all, or many of them, reach you soured. 
Then, instead of your laboratory, they wiU take their place in your 
Btore-room ; and whenever you have salad on your table, you will 
please pour on the vinegar to my health — a sour health, to be sure !" 

Fortunately, this anticipation of Mr Van Lennep was not realised, 
except that one of the bottles from Hebron contained considerable acetic 
acid, probably because in passing through so many custom-houses, it 
bad been tested till nearly half of it was gone ; yet even this, as we 
shall see, contained no small share of alcohol. All the other bottles, 
on breaking their seals, were found in a healthy state, ' And I may 
add, that in none of them could I discover any carbonic acid, so that 
probably the process of fermentation had been completed. 

The mode of analysis was essentially that of Mr Brande. The 
specific gravities were determined by ascertaining the weight of a 
tubefiil of the liquor, and comparing it with the same tube full of 
distilled water, in ail cases at a temperature of 60° Fah. The tube 
which I employed held 736.4 grains of distilled water, and was sus- 
pended from one of the arms of Chemin's delicate balances. The 
weight of the tube and liquid was, indeed, rather too great for a 
balance of this description, and I do not think I could be sure of the 
weight nearer than one-tenth of a grain, although with small quan- 
tities the one-hundredth of a grain was perceptible. After weighing 
the tube full of wine, in order to obtain its specific gravity, it waa 
distilled nearly to dryness, from a small retort into a receiver sur- 
rounded by snow.and afterwards, to make up for the deficiency, another 
amall portion of the wine was distilled also nearly to dryness. Enough 
was thus obtuned of the distilled liquor to fill the tube, which was 
then Weighed, and the specific gravity thence deduced. In deducing 
from thence the per centum of alcohol, I used the new tables of 
Tralles, founded upon the principles of those by Gilpin, and given 
by Dr Ure in his Dictionary of the Arts, Manufactures, and Mines. 
These tables assume that water at the temperature of 60° has a spe- 
cific gravity of 0.9991 ; and they give the per centum of anhydrous 
alcohol by measure. Hence they ^ew a smaller amount of alcohol 
than dtose of Gilpin, used by Professors Brande and Beck, whose 
standard is aleohol of the spedfic gravity of 0.825. But as Gilpin's 
tables have been so commonly med, I have added a column of the 
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amount of alcoliot b7 neunre, u obtained by those tables in Braode'a 
CSiemiatry. The tables of Lowitz of St Fetersborgh are also pre- 
ferred by Bome. He asanmes, u his standard, alcohol of the specifia 
graritj .796 at 60° Fah., and gives tite per centum bj weight. I 
have given a column deduced from his tables, also, as contained in 
the Second Supplement to the seventh London editjcm of Turner's 
Cbemistrj, by Professor Gregory. From the specific gravity of the 
wine before and after distillation, I have deduced the amount of solid 
matter, and given the per centum by weight. Finally, I have added 
a column to the per centum by measure of brandy, on the supposition 
that bnu)dy contains 49.44 per cent, of pure alcohoL 

As oUters like myself, who may dedre to analyse fermented li- 
<[Dors, may not be able to procore Gay Lussac's apparattu for that 
purpose, I will observe that I used two methods of connecting the 
retort and receiver, which I consider much better tJian to late them 
bother. One was, to make tlie junction by a stroi^ India mbber 
tnbe tied firmly to both vessels by a waxed thread. The other, and 
still better method, was, to find a receiver whose neck would just 
admit the neck of the retort, with a piece of firm paper wound care- 
fiilly around it, and slightly pasted to it. By giving the retort a 
screwing motion, it was easily made to fit into the receiver so firmly, 
that there was no danger of leakage. 
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I mi mrpraed to find bo much alcohol aa the sbove Table exhi- 
bits in No, 1, which would pass for tolerably good vinegar. No, 2, 
from the game locality, shews ua probably how much alcohol it con- 
tained before the acetic fermentation commenced. These specimens 
were from grapes, grown probably not for from the " Valley of 
Eachol,** whence the famous cluster was home away by the Jewish 
f^ies in the time of Moses ; for that valley must hare been in the 
south-eaaterly part of Palestine. No. 2 has the taste of strong 
Madeira wine. Nos. 3 and 4 are &om Mount Lebanon, one of the 
most &mous looalities of the wines of Scripture, fin. 3 is astrin- 
gent and somewhat sweet, yet it appears to be Ailly wrought. No. 4 
has a similar taste, but it is quite thick, as its high speciGc gruTity 
idiews; and I strongly suspect that the grape juice was partially 
boiled down before it was allowed to ferment, ai we know was for- 
merly practised, and is still done, on Mount Lebanon, according to 
Mr Buckingham. It has the appearance of the other wines, after 
they have been heat«d to the bailing point in the retort ; that is, a 
redder colour than is natural. No. fl is perfect Port wine in colour, 
taste, and the amount of sediment deposited in the bottle. No, 6 
is from Cyprus, which is one of the most famous localities of the 
ancient Greek wines. It is sweet and astringent, but not thick, and 
has no appearance of having been boiled before fermentation, as Mr 
Buckingham says is usually done on that island. It will be seen 
that it is a very strong wine. The ^e of those wines mentioned in 
tiie table are their ages when obtained by Mr Van Lennep. A year 
more, at least, should be added, except, perhaps, in one or two cases, 
as having elapsed before they were analysed. No. 7, from Rhodes, 
is a very clear strong wine, the strongest which I analysed, and 
slightly astringent, resembhng some varieties of Madeira. No. 8, 
from Corfu, whose age is unknown, considerably resembles it in 
appearance and taste, and, as the analysis shews, in alcoholic power. 
No. 9, from Samos, is less clear, more astringent, and less strong. 
No, 10, from Smyrna, has the colour of Port wine, and is sour, 
afltringent, uid unpleasant, tastmg strongly of the skin of the grape. 
The sonmees appears to have been derived, chiefly at least, from Uie 
grape, and not from fermentation. It was about eighteen months 
old when analysed ; called, however, by M. Van Lennep, a new luine. 
In short, these specimens exhibit a good deal of variety of character, 
and are, therefore, favourable for the object in view. It will be 
seen that, in all cases except the first, which I conceived to be of 
little importance, I performed two analyses of each specimen ; and I 
have given both results, that chemists might judge how nmoh 
dependence is to be placed upon my researches. In No. 2, the dif- 
ference in the amount of alcohol, by the two processes, amounts to 
1.2 per cent. In the other cases the difference is less ; and it seems 
to me we are wuranted in concluding, that my mean results do not 
vary more than 1 per cent, from the truth in any case ; and this is 
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near enough for all the purposes for which the analysis was tmder- 

It appears that in all cases, except Xos. 7 and 8, the specific 
gravity of the wines before dbtiilation was greater than that of 
water. No, 4, from Lebanon, was much heavier ; in part, proba- 
bly, because the juice was concentrated before fermentation, and in 
part because it is so old. It yields, of course, a large per cent, of 
solid matter. 

The diflference in the results, according to the tables nsed, is just 
wliat we might expect from the different standards assumed by 
Tralles, Gilpin, and Lowitz, and from the fact that the table of .the 
latter gives the per cent, by weight, whereas all the others give it 
by measure. Gilpin's tables have been most commonly made the 
standard, but they convey erroneous conclusions ; that is, as the sub- 
ject is usually understood, they indicate more alcohol in fermented 
liquors than they contain. 

The results which I have now given justify, it seems to me, the 
following conclusions ; — ■ 

In the first place, the grapes of Palestine, Syria, and the Levant 
generally, produce wines as strongly alcoholic as those of any country 
' whose soil and climate are congenial to the vine. 

It has been thought that the great quantity of sugar which must 
exist in the grapes of those countries, and the heat of the climate, 
are so imfavonrable to fermentation that little or no alcohol can be 
produced from them. But here we have ten specimens of the com- 
mon wines of those countries, all of which belong to the class of 
strong vrines. It may be thought that the strongest wines were 
selected by Mr Van Lennep ; but I particularly requested him not 
to do it, dearing him to send me rather the common wines ; and ' 
the apprehension which ho expressed that they would he all soured 
before reaching this country, shews that he supposed them to be 
quite weak. I incline to believe that their strength is not above 
the average in those countries ; and yet, by consulting the analyses 
of Brande, Beck, Fontenelle, &c., we shall see that they rank among 
liie stronger wines. And, indeed, this is just what the chemist 
would expect ; for if those countries furnish the finest grapes, they 
doubtless contain a large amount of the sugar and ferment requisite 
for the production of alcohol.* 

In the second place, we have every reason to believe that the 

* Since the above wsa written, T have had the pleasure of meeting Mr Ysn 
Lennep in this country, and he confirms all the Btatementa mode in the text re- 
ipecting the strength of the winea. He is even uf opinion that those trom the 
neighbourhood of SmjTnB are below the average Btrength of the wines of that 
regioQ. Rev. Mr Stierman, obo, who obtained the specimens ttoja the vicinitj 
of Hebron, and wham I have lately seen, thinks that tbey may be somewhat 
stronger than the average of wines in that r^on. The specimens from Mount 
Lebanon were procured by the Be*. L«ander Thunuon, who ii also in this conn- 
ti7, but I have not met with him. 
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ancient wines of the coantries nnder consideration pt^sessed essen- 
tially the same character as the modem wines made there. 

There haa been no important change in the climate, and of course 
the grapes now produced there, are the same essentially as in ancient 
times. If the wines are different, then, it mast be the result of 
different modes of making them ; and I am rot aware of any im- 
portant difference in this respect, unless it be in those cases (and 
whether there be any such cases I know not) in which tho wines are 
enforced by the addition of distilled liquor ; but such & case affects 
not my present argument, because I have analysed only those which 
are derived. from the pure juice of the grape. Much, indeed, has 
been said about the practice of the ancients, of boiling down the 
juice of the grape, more or less, before allowing it to ferment. But 
the same practice exists now ; nor is there any reason to believe that 
it was ever general, but resorted to only to furnish an agreeable 
variety. And it so happens, fortunately, that one of the specimens 
analysed — viz., from Mount Lebanon — is a wine thus prepared ; 
and it may stand as a representative of that class of wines. It is, 
indeed, the weakest wine of the number ; and we learn from this 
fact, that this process docs affect the amount of alcohol ; and yet 
this specimen contains about 11 per cent, of pure alcohol, and 22 
per cent, of brandy, — enough, certainly, to make the wine quite 
intoxicating. Tet it is quite sweet, and therefore sweetness does 
not prove tliat a wine is iinintoxicating. When the juice of the grape 
is boiled down, so as to become thick lite honey, or even solid, then, 
indeed, it cannot ferment, and may be kept an indefinite length of 
time without containing alcohol. Such was sometimes the case 
among the ancients ; but whether the wine which they called de- 
frutum, m which the juice was boiled away only one-half, was of this 
character, that is, thick enough to prevent all fermentation, I much 
doubt. This inspissated juice of the grape was rather regarded as 
honey, and bo it is called in the Bible, and at the present day, in 
the Eastern world, it is a very common article ; but so far as I can 
learn, by inquiring of several missionaries, it is not called wine, but 
is rather a substitute for our honey or molasses. Admitting, how- 
ever, that this article was sometimes called wine by the ancients 
(and I have no doubt of the fact), its use as a beverage must neces- 
sarily have been quite limited, and therefore this fact does not inva- 
hdate my general conclusion, that the character of the ancient and 
modem wines in Eastern countries was essentially the same. This 
conclusion, at which Professor Beck arrived by chemical considera- 
tions, in his valuable paper on the analysis of wines in this Journal 
(vol. sxviii.), seems now to be still farther confirmed by experiment. 

I trust that, in arriving at such conclusions, it wiU not be ima- 
gined that I wish to take away any support — or do, in fact, take 
away any support — from the noble cause of temperance, which I 
have endeavonred for bo many years to sustain, both ^eoretjoallj 
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and practically. True, some able friends of the caose liaTe supposed 
the ancient wines to be mostly intoxicating. But I rest, and always 
have rested, its support on very different grounds than the per cent. 
of alcohol in tlie wines of Syria and Palestine. But this is a point 
irrelevant to the present paper, and therefore I waive it. To find 
out the exact truth should be the object of every scientific investiga- 
tion, however it may aflect opposing opinions. — American Journal of 
Science and Arts, vol. xlvi No. II., p. 249. 



Description of an Improved Apparatue /or Levellir^ Small 
TheodoUtee. By Mr John Sang, Land-Surveyor, Kirkcaldy. 
With a Plate. Commuuicated by the Royal Scottish So- 
ciety of Arts.* With a Plate. 

A theodolite of the common construction is levelled by 
a Beries of alternate adjastments of two pairs of screws, 
each adjustment requiring both hands of the operator ; its 
plate is prevented from moving in aztmutA by the same 
screws, which have to he gradually tightened at each step 
of the process, until, when the adjustment is completed, the 
screws have also obtained the tension proper to keep the in- 
strument steady. The operation requires some address, and 
occupies a considerable lime. By the improvement now de- 
scribed, only one band is required to regulate each level, and 
the instrument is kept steady witbout tightening tiie screws, 
so that both levels can be adjusted at the same time, and more 
rapidly- It gives the same facility as the apparatus of three 
screws, sometimes applied to large instruments, whose weight 
is enough to resist shaking in azimuth. 

A (see P. II.) is a part made fast to the legs of the instru- 
ment. It has two sockets at B B, and a box at C for holding 
a cylinder containing a screw-nut. The box C is not well 
seen in the drawing ; it is ^milar to the other one marked Q, 
The part ]> has an axis E, working in the sockets B B, 
each end of the axis is a double cone, carefully fitted into the 
sockets, and tempered by the screws b b. It has, at right 
angles to this axis, two sockets F F similar to those in the 
lower part, and it has also a box at G, holding a cylinder con- 
taining a screw-nut. 

• Read before the Society, 8th Jannar]' 1844. 
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The screw H is attached to the part D b; meaaB of a re- 
TolviDg joint, and it works in the nat at C, eo that, od being 
tamed, it aHers the inclination of the part D to the fixed part 
A. 

The part I, which contains the onter axis of the theodolite, 
has an axis (like £) worldng in the sockets F F. 

The screw K, working in the nut at 6-, and being attached 
to the part I by a revolving joint, alters the inclination of I 
with regard to D ; so that, by means of the two screws H and 
K, the part I can be inclined in any manner to the fixed part 
A, while there is in every portion of the apparatus a firm re- 
sistance to a motion in azimath. 

The small screw L is intended to temper the pressore of ft 
piece of tin, inserted into the nut to make ap for the wearing 
of the levelling screw. 

This apparatus will add to the expense of a theodolite, bat 
by no means in proportion to the time which it will save. 
JoHv Saxq. 

ElBXOALDT, iA iV«v. 1843. 



Obtervationt on the Motion of Earthjuaket trantmitted under 
the Andea. By RiCHABD Solly, Esq. Communicated by 
the Author. 

Sir, — Having been latefy engaged on a paper for the Sh^- 
field Literary and Philosophical Society, the subject of which 
mis earthquakes, I have been much interested in the valuable 
communications published in your Journal, especially those of 
Professor ^Kschof, Dr Paubeny and Mr Milne. One or two 
remarks have occurred to me respecting a fact which I have 
not seen alluded to by any of our geologists, but which you 
may perhaps consider as not altogether unworthy of their at- 
tention. I refer to the ehooka of earthquakes having extend- 
ed beyond vast moimtain ranges, and yet having been felt 
either very slightly, or not at all, in those mountains. 

Mrs Maria (Graham, in her account of the great earthquake 
of the 19th November 1822,* which destroyed eo many build- 

* Trani. 0«oL Soc. 2d Miiea, toL L part ii. p. 413. 
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ings in the town of ValpttiaiBo, and permanently raised the 
adjoining coast from two to three feet, states that it was felt 
eastward, beyond the Andes, at Mendoza and St Juan. I 
heard the same account when I was in Chili in 1828, and have 
no doubt whatever of the fact I crossed the Andes that year 
by the Aconcagua and Uspallata Pass, six years therefore 
after the great earthquake, and my astonishment was excited 
by the position of an inmiense mass of rock called the '* Penon 
rajado," or " Piedra partida,''* about half way between the 
Oumbre and the Plain of Uspallata, and 7300 feet above the 
level of the sea. It had evidently fallen, at some former 
period, from the clifis above, and had split into two large 
pieces and several smaller. The equilibrium of both of the 
principal fragments appeared so precarious that in spite of 
the burning sun, one of my companions refused to repose 
under their shade, being convinced, as he said, " that the 
slightest shock would overthrow the enormous mass and crush 
ns to atoms."* This seemed likely enough, but nevertheless 
our head muleteer, Pedro Aransivia, assured us that they had 
not changed their position in his time, nor in that of his father 
before him, and that they had always availed themselves of 
their shelter ; also, that there were traditions, respecting the 
ancient Incas, connected with these rocks. 

Of the great Conception earthquake of the 20th February 
1835, which permanently raised the coast two feet and upwards, 
Captain Fitzroy says, " This earthquake was felt at all places 
between Juan Fernandez and Mendoza. At Mendoza the 
motion was evenly gentle. Towns and houses which lay be- 
tween the parallels of 35 and 38, suffered extremely, nearly 
all were ruined, but northward and southward of those lati- 
tudes slight injury was done to any building."*!' I^his account 
I know to be correct, with the exception of the first sentence, 
if taken literally, as the shock was not felt t» the Andes, 
although it was felt beyond them, at Mendoza. An intimate 
friend of mine happened to be in the Cordillera at the time, 
' and I can state positively that neither he nor any of his party 



* Extract from 1117 journal, irritteii at the time. 

t NftRativ« of the lorTefiiig voj«g«t of the Beagle, toL iL p. 418. 
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koew that there had beeD an earthquake until their arrival at 
Mendoza. 

These fa«ts are quite in harmony with the theory adopted 
by Professor Bischof, by Mr Darwin and other emlneiit geolo- 
gists, at least partially, which Professor Phillips favours,* and 
nhich Mr Lyell requires, + namely, that the nucleus of tbe- 
earth is an intensely heated liquid or fiuid mass. This granted, 
motion is supposed to be transmitted by subterraneous undu- 
lations to enormous distances, proportionate to the strength 
of the explosion, and the depth beneath the earth's surface at 
which it takes place. Now, we can well imagine that an im- 
mense mass of mountains, such as the Chilian Andes,:^ might 
ride unshaken (while lower ground suffered) like a ship of the 
hue which moves not with the ripple tossing the little boat at 
its side. 

Nevertheless we know that the Andes do sometimes suffer 
extreme dislocations; for instance, by the Tacna shock of the 
18th September 1833, of which Mr Matthie Hamilton gives 
a circamstautial account in your Journal. § He states that 
after the calamity, when the atmosphere became dear, the 
Andes, as seen from Tacna, presented a novel spectacle, and 
in many parts appeared with a new surface, large portions 
had been thrown off, or had slid into valleys below, leaving 
some of the more elevated peaks denuded of what had been 
their more prominent Limbs ; and he gives many other similar 
particulars. Indeed the examples of shattered mountains asB 
too numerous to require citing. 

Mr Darwin expresses bis surprise at the effect produced 
by the Conception earthquake of 1835, on the island of Qui- 
nquina. He says, " The effect of the vibration on the hard 
primary slate which composes the foundation of the island 
was still more curious, the superficial parts of some narrow 
ridges were as completely shivered as if they had been blasted 
by gunpowder,"! 



• Treatise on Geology, vol ii. p. 209. 

t Elements of Oeologj, p. 267. 

X From 11,000 to 23,000 feet high and from 100 to 200 miles acroM. 

§ Jameson's Fbilosophical Journal, vol. zxx. p. 103. 

n JonnuJ of Reiearches, p. 370. 
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May we not then sasume as correct, both explanatioiu of 
the mode ia which earthquakes are supposed to transmit their 
motions ^ by the nndulations of the subterranean fluids, and 
by the vibrations of the superficial crust. Mr Miloe has 
pointed out that moat of the English and Scotch earthijuakes, 
being confined to mere patches of the earth^s surface, must be 
due to the latter ; and, on the other hand, Professor Phillips 
remarks that rocks beiug very imperfectly elastic, owing to 
the numerous divisions which intersect them, cannot be sup- 
posed capable of transmitting vibrations to any very consider- 
able distance. To the subterraneoos undulation we may at- 
tribute the motion ; which passing nnder, without shaking the 
Andes, was felt " evenly gentle" at Mendoza. To the supei^ 
ficial vibration we may attribute the fall of the monntain 
peaks at Tacna, the shivered rocks at Quinquina, and those 
strange rotatory motions referred to by Mr Darwin,* and of 
which T have seen striking examples at Tacna and at Lima. 
In the latter case the npper atone of a lofty obelifk was turn- 
ed, in 1828, in a manner precisely similar to that in Calabria, 
of which Mr Lyeli has given a drawing-t 

The qneetion occurred to me some time since, though I 
ahoold scarcely have ventured to mention it without having 
seen Professor Eeilhan's remarks in your last number, whether 
frequent vibration, repeated during long series of ages (which, 
according to Mr Darwin,^ I will suppose to accompany the 
elevation of a mountain chain), may not have produced consi- 
derable changes, all tending to crystalline forms, in the mole- 
cular constitution of some of the basaltic and metamorphio 
rocks. It is now an ascertained fact, though but reoentiy 
acknowledged, that malleable iron, and other metals in a 
fibrous state, assume the crystalline, under the operation of 
vibration, and without the accession of heat.§ My friend Mr 
William Lucas, (this year the President of our Sheffield So- 

* Journal of E«Bearclie», p, 376. 

t PjiueipleB of Geology, 6th edit., voL ii. p. 3^. 

\ Journal of Reseaxches, p. 380; and Geological Obaerratioiu on Vol- 
canic leUnda, pp. 99 and 129. 

{ The azle-troes of nuliraj canisgea, and the holding down pins in 
iron woik*, afibrd familiar inttanoe*. 
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oiety) haa been makiog some interesting experiments on the 
changes in metals, and I have requested him to extend them 
to rocks, which I hope he will do. 

BlCHAKD SOLLT. 

Sandoh Place, Sheffiemi, 
28(A May im. 



On Parietin, a Vellont Colouring ifatler, and on the Inorganic 
Food of Lichens. By Robert D. Thomson, M.D. Com- 
mnnicated by the Author.* 

The objects of the present paper are, let. To endeavour to 
prove that, contrary to the ueually received opinion, the chu» 
of plants termed Lichens, require inorganic matter as part of 
tiioir food, which they must derive from the localities upon 
which they are fixed ; and, 2d, To describe the yellow colour- 
ing matter obtained from the yellow wall lichen, and to detail 
its properties, composition, and application* as a test for 
alkalies. 

Although chembts are acquainted with several yellow 
colouring matters, few of them have been separated in a pure 
state, and anidysed. This arises from the difficulty of pro- 
curing such substaaees in the same state as that in which 
they existed in the plant from which they are extracted — 
depending prmcipally on the facility with which they unite 
with oxygen, and on their consequent conversion into a body 
of infericff beauty, and of an unoryeiallized straotare. The 
yellow colouring matters which have hitherto been analysed, 
are derived from varioos parts of phenogamous plants, prin- 
cipally the roots aod flowers. The subject of the present 
paper is procured from a totally different tribe — the lichens — ■ 
but one to which we are indebted for some important dyes. 
The Greeks gave the name ^Jixif to a disease of the skin, and 
likewise to certain plants possessing the power of healing these 
cutaneous eruptions. Dioscoridest tells us that the lichen, 
which is familiarly known from its growing on stones, and 
attaching itself to the rough parts of rocks, like a moss, was 

• From the TransactioiiB of the Qlugow rhiloBophic&l Society. 
t Mat Med. h. iv. rap. 4a 
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called by some persona bryon, and was useful in the cure of 
sanguineous fluxes and inflammations. Pliny likewise uses the 
term lichen ; but from his describing it as growing on rocks, 
with one leaf from a broad root, and with one small stem, 
it is obvious he refers to a species of the hepaticse.* Galen 
likewise enumerates lichens among the instruments of cure, in 
the treatment of impetiginous or cutaneous diseases. Modern 
botanists, up to a comparatively recent period, appear to have 
overlooked this class of plants, if we may draw this conclusion 
from the catalogue of English plants, by John Kay, the second 
edition of which was published in 1677. In this work, the 
celebrated author describes, under the title of lichen, eight 
species of plants, only three of which, however, can be reckoned 
true lichens, the remainder being hepaticse and algSB. In 
Hooker's Flora, published in ISiJd, there are enumerated and 
described thirty genera and 420 species of lichens. It is well 
known that many of these are capable of supplying powerful 
dyes. 

The lichen from which the colouring matter to be described 
is derived, is of very frequent occurrence on walla and trees. 
It is the Parmelia partetina, (yellow wall parmelia), described 
by Hooker as possessing a rounded bright yellow frond, with 
lobes radiating, marginal, appressed, rounded, crenate, crisped, 
and granulated in the centre. The repontorUi, or apothecia, 
are deep orange, concave, with an entire border. The bright 
yellow colour of the lichen is a sufficient indication of the pre- 
sence of a colouring matter; but the real intensity of the 
colour could scarcely be anticipated merely by an inspection 
of the plant. 

FOOD OF LICHENS. 
The most luxuriant samples of the parmelia grow in the 
neighbourhood of tho sea, from what cause, unless it be the 
moistness of the air, it is not easy to determine. Botanists 
consider that this race of plants derive no noiirishment from 
the rocks upon which they grow, although the circumstance 
of many of them containing oxalate of lime would appear to 
afford a demooatration of their being enabled to suck up inor- 
» Nat. Hist, ixrii. c. iv. 
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ganic substances in the same manner aa other plants. Viewed 
in this light, the moistening and decomposing effect of a humid 
atmosphere on the rocks on the sea-coast, may explain the 
almost herbaceous appearance of some of the lichens which 
may be observed in such situations. The subject, however, 
of the nutrition of lichens, is in its infancy, and will require a 
searching investigation. 

It has been already stated that, according to the opinion of 
botanists (Hooker's English Flora), lichens derive no nourish- 
ment from the rocks, stones, or trees, on which they grow. 
The roots or Ebres with which they are often supplied, it ia 
conceived, are only useful in fixing the plant to its place of 
growth, its nutriment being derived from the air. One of the 
most common of our Uchens, the Pellidea canina, possesses 
fibres on its under surface so closely resembling those of 
shrubs, that one would be inclined to attribute to them similar 
functions. The circumstance, as stated in chemical works, of 
the absence of any considerable quantity of inorganic matter 
in the composition of lichens, would appear to lend counte- 
nance to the view, that gases constitute the only food of 
lichens. But the fact of oxalate of lime having been obtained 
from many lichens, seemed to call in question the validity of 
the conclusion. The detection, also, of small portions of 
bitartrate of potash and phosphate of lime in some lichens, 
added still further evidence against the opinion of botanists. 
So far as I am aware, no other substance of an inorganic 
nature has been hitherto detected in lichens, except in such 
minute proportion that it might have been derived, perhaps, 
from extraneous sources. I was not, therefore, prepared to 
expect the remarkable results which the analysis of the yellow 
parmelia afforded. In one experiment, 50 grains, obtained 
from mica-slate rocks at Dunoon, on the west coast of Scot- 
land, when ignited, yielded 3.4 grains of inorganic matter; 
and in another experiment, 40 grains, to which, as in the pre- 
ceding trial, no earthy matter was attached, afforded, by burn- 
ing, a residue of 2.7 grains. In a third experiment, 7 grains 
of the carefully selected upper parts of fronds, which had never 
been in contact with rock, and therefore were free from the 
suspicion of having extraneous particles mixed with them, after 
washing, as in the previous trials, yielded, by incineration, 
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0.47 graios of a skeleton, answering to the form of the liehen, 
and consisting of silica and phosphates, &e. These three 
experiments, therefore, give a per-centage respectively of 
ashes, amounting to 6.8, 6.75, and 6.71.* In all these trials, 
the colouring matter was volatilized before the lichen caught 
fire. Another speoimen, very carefully washed, and oonsbt- 
ing of the upper parts of fronds, yielded 5 per eent. of ash, in 
which phosphate of alumina formed a prominent ingredieot. 
In proof of the fact that the ash is in no degree connected 
with the rook, a speoimen of Parmelia omphalodes, taken from 
the stem of an ash tree, ten feet from the ground, was ignited, 
and foond to yield 7 per cent, of ash, consisting of «Uioa, 
phosphates of lime, iron, and alumina. The Cladonia pixi- 
data, tf^en from a wall, and free from all extraneous sub- 
atanees, yielded 6 per cent, of ashea, consisting of similar 
Ingredients. Hence it would appear, that this species of 
plants contain no inconsiderable amount of substances calcu- 
lated to serve as vegetable mannre. The ash possessed the 
form of the lichen, and a slight iron tint ; it eSerresced 
slightly on the addition of an acid. In one instance, some 
carbonate of lime was present. On digesting the ash in water, 
a minate portion was dissolved. This eolution, on the addi- 
tion of chloride of barium, gave a white precipitate, part of 
which was insoluble in nitric acid- On thi-owing the sulphate 
of barytes on a filter, and adding caustic ammonia to the fil- 
tered liquid, a flooky precipitate — phosphate of barytes — fell. 
The addition of an alcoholic solution of bichloride of platinum 
gave no indication of the presence of potash. Nitrate of 
silver gave a flockv precipitate, insolnble in nitric acid. The 
soluble salts, therefore, appear to be sulphate and phosphate 
of soda and common salt. The portion of the residue insolu- 
ble in water, became nearly white when boiled with dilute 
mnriatio acid, and left a gritty powder, which, affording a 
nearly colourless glass with carbonate of soda before the blow- 
pipe, was obviously silica, with slight impurity. The muriatic 
aoid solution gave a copious reddish precipitate, with caustic 
ammonia. This precipitate was partly soluble in caustic 

* Tbeie determinatioDs were nude id conjunctioii with Mr J&mM 
Muidocfa. 
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soda, and ooQBisted of phosphatea of iron, ^umina, and lune. 
The latter precipitates being tested with lead, yielded » pre- 
cipitate of phoaphato of lead, soluble in nitrio aoid. The 
results of the analysis of two speoimens of ashes were as fol- 
lows : — ■ 









muriate of soda. 


0.75 


— 


Peroxide of iron, and phosplifttes of iron 






and lime 


22.04 


3i.55 


Phospliate of alumina, 


— 


0^ 


Carbonate oflime, 


8.75 


— 



100. 100.0 

From these facts it is evident that this lichen requires the 
same inorganic consUtnents for food as other plants, with this 
difference, that the amount of inorganic substances present in 
its composition is greater than in higher orders of plants, but 
in a proportion tending towards that existing iu the sea- weeds; 
another character, therefore, in addition to the general exter- 
nal features, indicating on alliance between the algae and 
lichens. '^ 

To ascertain if the great abundance of inorganic matter 
was peculiar to this species, the Parmelia omphatodea was inci- 
nerated, the specimen being taken from a portion collected by 
a Hi^Uander on the borders of Loch Venachar, where it is 
extensely need, as well as generally in the Highlands, with an 
alum mordant, to impart a fine purple to woollen cloths. Ita 
habitat had been a rook, and portions were selected free from 
any appearance of suspended earthy particles among their 
roots; 200 grains gave a residue of 7.8 grains, consisting of 
substances similar to those already enumerated in the analysis 
of the yellow parmelia. Fart of these, however, may have 
been foreign. When we compare the amount of ^ese iaot- 
ganic cooetituents with those found in trees, the balance ap- 
pears m favour of the lichens, as shewn by the analyses of the 



* Mr David Murdoch eitisted me in the first anal; sis, and Mr Jsmet 
Murdoch in tiie Kcood. 
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ashes of geDume specimens of lima, eapan, and logwoods. The 
resalte are in 1000 parts : — 



Llms Wood 


Saspan Wood, toprood. 


Organic matter, . . 871^55 


997.083 971.100 


Silica and sand, . . . 1.800 


— 7.800 


Common salt, ... . — 


0.517 0.129 


Alkaline pbospbates ud tfolphftte, 2.000 


0.850 1.371 


Phogpbateoflime, . . . 0.725 


— 1.021 


Carbonate of Ume, . . . 24.140 


11.650 18.279 






1000. 


1000. 1000.000. 



Both of these classes of plants alluded to, however, appear 
but insignificantly supplied with inorganic matter, when con- 
trasted with some of the gigantic sea-weeds from Cape Horn. 
490 grains of one of these enormous inhabitants of the deep 
supplied me by Dr Joseph Hooker, yielded, by incineration, 
116-7 of ashee, equivalent to a per-centage of 23.8. 

The introduction of inorganic matter into the substance of 
treea and lichens, can only be effected by the inferior extremity 
and surface of those portions which are in contact with the 
source of this peculiar pabulum of vegetable life ; while it 
would appear that the connexion which we always find to ez' 
ist between sear-weeds and some fixed rocky position, even in 
the case of these immense inhabitants of the southern seas, ac- 
cording to some physiologists, only serves the purpose of re- 
tfuning them stationary in one locality, their food being de- 
rived from the fluid in which they are immersed. But whether 
this be true or not, it is certain that the waters of the ocean 
are capable of affording nearly, if not all, the inorgaruic ingre- 
dients with which these plants are snpplied. Trees and lichens 
have no such atmosphere, rich in salts, from which they can 
derive their food. They must be indebted for the inorganic 
matter which they contain to the soil upon which they grow. 
Hence, since lichens do certainly contain inorganic matter of 
various kinds, as appears by the facts detailed in this paper, 
the inevitable conolu^on is forced upon us, that these species 
of plants are not only nourished by the atmosphere, to which 
botanists have hitherto appeared to restrict their sources of 
food, but that they are also capable of extracting inorganic 

* In these analyses I whs asgiited hy 'ilx John Aitken. 
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matter from the rocks and trees over whose surfaces they are 
so largely distributed ae humble tenants. 

PREPARATION OF PAKIBTIK. 

When the yellow Parmetia is digested in cold alcohol, of 
.840, a yellow liquid is obtained, obviously from the solution of 
the yellow colouring matter of the lichen. When boiled 
gently the liquid becomes deeper coloured, and when a anfficient 
quantity of alcohol is employed, and the liquor is allowed to 
evaporate spontaneously, the colouring matter is deposited oa 
the sides of the vessel, in the form of fine needles, eometimea 
a quarter of on inch in length. The speoimeos of lichen from 
which the best crystals of this description were obtained, were 
itoTo. the neighbourhood of Glasgow, and were rather dry, as 
if they had grown upon a dry wall, little exposed to moisture. 

In order to procure tKe colouring matter of the P. parietina, 
it is proper to dry the plant at a moderate temperature. This 
is particularly to be attended to with the sea specimens, which 
are succulent when compared with the plants from other lo- 
calities. By this precaution, the alcohol will more effectually 
extract the colouring matter, without violent or long-continued 
boiling. We should probably succeed in obtaining the purest 
ptodact, by removing as much as possible of the water from 
the lichen, by drying in a stove, and then digesting in cold al- 
cohol.. The quantity of the lichen at my disposal has not 
hitherto been sufficient to enable me to attempt to extract the 
colouring matter in this manner, but I intend to do so on the 
first opportunity. I have stated that I have succeeded in ob- 
taining the colouring matter, or Parietin, as I propose to term 
it, in the form of needles, but generally it falls in the shape of 
brilliant yellow scales, as the alcoholic solutioa cools. The 
mode in which I hare extracted it was by gently boiling for a 
few minutes the lichen in contact with the alcohol, then filter- 
ing and adding fresh alcohol uutil the colour appeared to be 
extracted. The solution has scarcely passed through the fil- 
ter, before it begins to deposit the shiny scales of parietin. 
If we attempt to purify these by redissolving them in alcohol, 
we shall find that only a portion is dissolved, and the deposit 
from the alooholio solution, instead of presenting the lustre of 

vox. XXXVII, NO. LXXII. JULY 1844. ^-Jl , 
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tbe subBtanoe as at first obtained, asmunes tiie a[q>eot of & 
brownish yellow powder. 

COMPOSITION OF PAKIETIN. 
The product of tbe secood solution in aloobol, wben dried at 
212°, and borned witb oxide of copper, afforded tbe following 
reiult; — 

3.16 graini gave 7.376 carbooic acid. 
1.410 water. 
Tbia corresponds witb 

Eipt. Atom*. Calculi. Atonu. Calculi. 

Cartwn, . 2.0116 63.65 40 63.S2 40 62.51 
Hydrogen, 0.1«66 4.95 16 4.35 16 4.16 

Oxygen, . 0.9918 31.40 15 31.93 16 33.33 

3.1600 100. 100. 100. 

Ab it appeared from tbe preceding result that tbe parietin 
was altered in its character, by attempting to redissolve it in 
alcohol ; tbe parietin, after being dissolved in alcohol from tbe 
lichen, was, after the filtration of the fluid, allowed to deposit 
by cooling. It was then thrown on a filter, and dried on a 
tile, and then digested in bot alcohol, to remove any fatty or 
remnous mattw with which it might be contaminated. The 
same object may be attuned by digestion in ether. Tbe 
parietin was then dried at 212°, and analysed. 

3.96 groini afforded, when bnmed with black oxide of oopper, 
7.15 graina carbonic acid. 
1.294 ... wafer. 

This ia equivalent to 

Xipt. 

Carbon, 1.9500 65.87 

Hydrogen 0.1437 4.85 

Oxygen, 0.8663 2958 

2.9600 100. 
and agrees with the following oaloulation : — 

OloulitlaD. Bipt. 

Carbon, . . .75 X 9 =6.73 65.85 65.87 

Hydrogan, . .125x4= .« 4.87 4.85 

Oxygen, . . l. x 3 = 3.0 29.28 39.28 

10.25 100. 100. 
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Ti\» fonnnla, therefore, will be, according to this view, 

C, H, O3 ; 
or we may, as in the preceding caae, conBider it aa an oxide of 
an oil, and the composition, when calculated, would be — 

Carbon 40 65.21 

Hydrogen, ...... 16 4.34 

Oxygen .14 30.46 

and the formula, 

C„H„0„; 
exhibiting a stage in the oxidation of an oil similar to what 
we meet with in the gradual production of resins from oils of 
the turpentine type. In some respects the colouring matter 
nnder discussion resembles a resin, and especially in its ap- 
pearance, when precipitated from its solution in alkalies by an 
acid. If we then consider parietin as a resin, deriving its origin 
from an oil of the turpentine type, the preceding analyses may 
be chissed as follows :^ 

Oil of Parietin, €«, Hu 

Parietin C« Hu On 

Oxide of Parietin, C„H„0|. 

The efiect of reagents apon parietin is striking. A very 
minute portion of the substance will impart its yellow colour 
to a large quantity of alcohol, and this solution is sensibly acted 
on by reagents. When to such a solution a drop or two of 
nitric, or mniiatio or sulphuric acids are added, the yellow 
colour imparted to it by the juamAn beqomes much heightened, 
and even a very small proportion (much more minute than that 
mentioned) will effect a sensible change. When the solution 
is strong, the addition of acid produces a yellow precipitate. 
When caustic ammonia, in the smallest quantity, is dropped 
into, or applied by meiuis of a rod, to a solution of parietin, the 
yellow colour immediately becomes a rich red, inclining to 
purple. The same result is obtained with caustic potash, caustic 
barytes, carbonate of soda, canstio lime, &c. 

PARIETIN A8 A .TEST OP ALKALIES. 

The extreme delicacy of parietin in detecting alkalies, sug- 
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gmts its ataity in &e laborattHy. An alccAoHe solotkm may he 
kept &a OM, as the addition of a drc^ or two of the solation 
-to a (HMuiderable quantity of an alkaline liqiuw', will be imme- 
diatdy followed b; a change to red ; or the i^ocees may be 
revened, by plaoi^ a few drops of the alcoholic edotion in a 
test-glass, and adding to it a drop or two of the alkaline liqwH-' 
The ahxdiolic solutatm may be prepared simply by digesting 
the lichen in cold alct^t, of sp. gr. -840, as I have foond that 
a small porti<m of lichen will impart a odour to a large qoaa- 
tity of alcohol, sufficiently intense to serve as a very delicate 
test for alkalies. Obserriiig the strong coloor thai the alco- 
holic solation imparted to the filtering paper which was used 
to pnrify the solution when first prepared, I cat these into test 
papers, and fouid that, ^en properly impregnated with the 
sohition, they were little, if at all inferior to turmeric p^er, 
in their delicate detection of ammonia. Test paper may be 
prepared eztemporaneoasly from the alcoholic solution, when 
it is wished to detect ammonia, by dipping a piece t^ paper 
into the alcoholic solation, and then ^plying it in its wet state 
to the ammoniaoal vapour. The yellow colour is immediately 
transformed into a reddish purple, bat more distinct than the 
e<donr that becomes apparent in turmeric paper of old prepa^ 
ration, under similar drcumstanoes, which is a dirty brown. 
One of the principal recommendations of the Uqoid test already 
noticed, is the circumstance of its being capable of preservar 
tion without undeii^oiug deterioration, while the tost pweis 
which have been frequently recommended althoagh possesung 
most delicate toting powers when freshly prepared, graduidly 
lose their value by preservation. I believe tUs to be the ex- 
planation of the failure in this ooontry of some oontinflntal 
test papers, which have been recently recommended. It would 
tiierefore appear, that the best test paper being that which is 
of fresh preparation, the most convenient source for its pro- 
dootion is that frtim which it can be most rapidly procured in 
an efficient state. The obserrations which hare been made 
upon parietin, in reference to its colouring powers, -tend to 
ahow that it may be employed with advantage for the most 
delicate purposes to vrtiich turmeric is applied. Parietin, how- 
ever, is not acted on by acids ; the natural yellow colour merely 
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becomM brighter, while ttirmerio, which coDttuns a blae imd 
ydUowing colonriDg principle, has the f<»:iaer reddened by 
acids, and the latter coDverted to a brown by alkalies. Moist- 
ened jellow parieHn paper, on the other hand, becomes red or 
purple when freshly prepared, and reddish brown, if long pre- 
pared, by coming in contact with ammonia and other alkalies. 
The other reactions of parietin are simple. The alcoholic 
solution is precipitated yellow by nitrate of silrer and acetate 
* of lead, and other metallic aalts. A solation of permnriate of 
iron renders the coloor'much darker. The precipitates widi 
silver and lead hare not been analysed, from the minnte quan- 
ti^ of parietin at my disposal. 

The yellow colour of the Parmelia pariettna early attracted 
tile attention of th(»e persons interested in dyes. It was ac- 
cnrately described by Hoffmann, Amoreux, and 'Wiliflmet, fa 
1786.* The latter informs us, that the Swedes in the pro- 
rince of Oeland, obtained by means of this lichen and almn a 
yellow dye for woollen stuffs, and that a flesh tint was «lso 
procured from it, fitted for linen and paper ; that goats eat 
this lichen; and that Haller recommended it as a powerful 
tonic in diarrhoea. He adds, that he had himself used it in 
his practice as a tisan, and had found it to prove beneficial in 
that form of the disease which occurs in autumn. Hoffiaaun 
states, that in Norway, when boiled with inilk, it is used as a 
remedy in jaundice. This idea may have perhaps originated 
from the correspondence in colour of the disease and cure, 
upon the principle so much in vogue at present, " limilia 
timilibtu eurantar.'*'' Hoffmann affirms that he never could 
obtain a yellow colonr from this lichen, bnt that with wine 
vinegar he obtained an olive-green or fawn colonr ; and with 
true wine vinegar (aceto vini veto) and copperas, a flesh or 
^ricot shade. Of these coloura he has appended to his essay 
^>eoimeD8, tt^ether with forty-nine others, obtained from 
various species of lichens. Dr John ■ P. Westring of Nord- 
koping, in Sweden, who prosecuted an extensive inquiry into 
the colouring matter of lichens, describes the Liehenparietintu 

• Uenx^iei Conrannia en I'aiine^ 1786, pw rAoademie dei Soieocea, 
Bellet Lettre*, et Arts, de hjon, aa I'Utilit^ dei Ucbeni, daiu la Me. 
dirine et daiu lei Art*. 8*o, 1737. 
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(Wagglaf) as affording, with wool, by infusion for foorteen 
days, and then boiling for half an hour, a fown colour ; by 
longer boiling, a yellow was produced, and this mLstore be- 
came, by simple infusion and extraction, similar to the red 
Wool of Florence. With comjnon salt and nitre bcnled for an 
hour, a beantifol straw colour was elicited. Upon ^Ik it gave 
similar colours, differing in their shade from red to yellow, 
according to the methods employed in dynng the goods.* 

Subsequently to these observations, which are perhi^s in- 
teresting in an economical point of view, the yellow parmelia 
was recommended by Dr Sande, probably misled by the co- 
lour, as a snbatitate for Pemviaa bark, during the last French 
war. It has also been cbemicaliy examined by Herberger, 
but not apparently with the same results afforded by Scotch 
specimens, as he found no inorganic constituents whidi amoant 
to from 6 to 7 per cent., according to my trials, and obtained 
■a mnch larger quantity of colouring matter than existed in 
any plants examined by me. He also found a red colouring 
Inatter, which did not f^pear in the process of extraction as 
followed by me, and which may tbercfore be a product of the 
Oxidation of parietin. More lately still, Dr Qumpreoht ex- 
tracted yellow oil from the lichen, but in such minute qnan- 
tity as not to be susceptible of examination. I obtwned a 
quantity of sugar, by means of alcohol, in crystalline grains- 

Note. — Since the preceding paper was read, the yellow 
needles described above have been analysed in the laboratory 
at Giessen, and have been found to consist of C„ H„ O^, ap- 
proaching one of the analyses already detailed. So that we 
have now the following oxides ; — 

OilofParieliE C„ H„ 

Puletio acid, Cu Uig On 

P*rietin, C« Hi, O,, 

Oxide of Parietin, Cw Uj, d, 

GLisaow OoHinea, Dee. 1843. 

* Kongl. Vetenilup, Aoad. xii, p. 900, Ana. 1791. 
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On the Yam'&d and Gokldn Tribes of Turkomania. By Uie 
Baron Clexkht Adgttstus se Bode. 

Read before tlie EtfaDological Society of London, IStli Much 1344, and 
communicated foi thia •TouinaL 

In oflfering an accouot of some particular braacbeB of tlie 
Tarkoman race, it will be proper at first to cast a rapid glance 
over what coastitates Turkomania in general, and name the 
principal tribes that form the great Turkoman bmil;. 

The eztenuTe plains between Bokhara on the east, the 
Alburs chain to the south, the Caspian Sea to die west, and 
the Khanat of Khiva to the north, form the natural, although 
insufficiently defined boundaries, in which the wandering Tur- 
komans roam with their droves of horses and camels, and their 
Bocks of sheep, spreading Uieir tents along the banks of the 
mountain streams which flow into the Caspian, or are lost in 
the sands of the desert ; and, in default of rivers, di^ng wells 
in the dry steppes, to slake their own thirst and supply their 
cattle, often only with brackish and salt water. 

The Turkomans consist of the following great divisions ; — 
The Sal6, reckoned the most noble tribe, occupy Serekhs, 
to the east of Mesched in Khorasan, on the road to Bokhara. 
The Saruk or Sarik, inhabit Merv at Meni, to the nrath of 
Mesched, in a straight line to Khiva. The Tekke, the most 
numerous tribe, arc scattered along the northern skirts of the 
Alburs chain, called Attdk, to the north-west of Mesched, 
and subdivided into Tekke Akh^ and Tekke Tejen. 

The Qoklans live to the west of the latter, and the Ya- 
mtlds to the west of the Goklans, up to the eastern shores of 
the Caspian. 

Before I enter into a more minute description of the Yamud 
and Goklan tribes of Turkomania, it may be as well to point 
oat the geographical limits to their wanderings. To the west 
is the Caspian Sea ; to the south, the great chain of Alburs 
and the province of Asterabad ; to the east, spars of the same 
chain, separating the Goklans and Yamuds from another con- 
siderable Tarkoman tribe, the T^k^h ; and lastly, to the north, 
the desert extending to Kbivah. 

This country, the ancient Hyrcania, and very probably the 
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VehrMna, the eightli abode of blias mentioned in the ZssA 
texts, and known to the Arab writers by the name (^ Jwjcm ; 
is watered by two great rivers, the Gui^n and the Attrek, both 
of which flow from east to west, and &11 into the Caspian 
Sea. The coantry oocnpied.by the Turkomans beu-s tha repu- 
tation of being healthy. The plain at the foot of the moontains 
being more <^en and tighter, than the strip of land which, in 
Gbi^, Mazanderia, and Ast^rabad, nms between the hilUand 
the shores of the Caspian, there is mnch less dampneBB in tJie air 
andnnwholesome exhalations in summer, which, combined irith 
other causes, produces in those provinces intermittent fever and 
bilious complaints. The lower courses only of the Giiighan and 
the Attrek partake of the same unwholesome climate ; there 
the country is low, and from the overflowing of the rivers.ia 
spring, marshes and pools, are formed, whii^ in sranmer, wt- 
rapt the air, breed swarms of gnats, and render the place dia-- 
agreeable and unwholesome. The heats in sammer are tem- 
pered by the cool breezes frtMa the sea, which waft freely 
across the open plains ; the dews at night are likewise (x^ioos 
and refrediing ; the winter, nearer to the mountains, is not 
severe ; further to the north, in the desert, it is more senmble ; 
there, likewise, the snow lies long^ on the ground. Aotamn 
and vnnter are, however, more e^iecially the seasons iot rain, 
although Turkomonia is not deprived of it at other periods of 
the year, as is the case on the high table-land of central 'Ser- 
sia. Rains are most frequent in the neighbourhood of the 
bUls and near the Caspian Sea. 

The Tui^omana, then, who live nearest the Caspian Sea, 
are the Yamiids, having the GcOtlans to the east of their en- 
campments. As great animosity reigns between them, there 
is a strip of neutral land which separates the two rival tribes, 
having the solitary mmaret of Jurfan as a sign-post to mark 
the boundary. 

The Yamuds are divided into fbur principal tribes :— 

1. Sheref, subdivided into 6 shafts. 

2. Chiini, subdivided into 10 shafts. 

3. Beyram-Shali, S shafts. 

4. Kujfik-Tatir, 8 shafts. 

These tribes are said to be the descendants of four brothers, 
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whose father, TamticI, is looked apoa as the foander of their 
race. 

All these tribes encamp on the borders of the Gdrgan and 
Attrek rivers ; extending to the NW., they roam wiUi their 
herds in summer in the hilly conntry of Balkhan, and many 
families are settled in the Khanit of Khira. The average 
number of the Yamlids amounts probably to 40,000 or 50,000 
families. The principal distinction among the Yamilds is 
their division into CAom^ and Ckorvd ; it is founded on the 
difference of their mode of occupation, and the relative dis- 
tance of their encampments in respect to the Peraan territory 
of Alter abad. 

The Yam6d Chomflr occupy boA the banks of the Q^trgan 
river, and even stretch as fax south as the river Karasti, where 
they have their corn-fields, tiieir rice plantations, and vege- 
table gardens. They are lees wild than their neighbours to 
the north, the 0u>rv6. ; give themselves np to agriculture, and 
are on moch better terms with the Persians than the latter. 
They often visit the bazars of jitlerabad, bringing into the 
mariwt for sale the produce of their industry— such ae felt, 
and woven carpets, wheat, (which is much superior to that of 
Astra^bad), barley, butter, sheep, horses, &c., and receive in 
exchange the coarse mann&ctures of that province, consist- 
ing of different sorts of aliJeA or slk stofis from Anezane and 
other dtstricts, kadek or cotton from the looms of Sfuikr&d, in 
Khorasan, of Bnngird, (near Hamadan), and of Isfithan. 
This friendly commercial intercourse with their neighbours 
does not prevent them from committing plunder whenever a 
&vourable opportunity offers ; but the principal charge lodged 
against them by the Persians, is, that they give refuge and 
screen from pursuit the foraging parties of the Attrek Ya- 
mlids, in their incursions into the territory of Asterabad. 

The Yamtld Chorr^ encamp to the north of the former, on 
the banks of the river Attrek. They are the same Yamfids 
as the Chomfir, composed of the same tribes ; the only differ- 
ence is the mode of life they lead, which is essentially pas- 
toral ; they have more numerous flocks of sheep, herds of 
camels, and droves of horses, than their agricultural neigh- 
boors of the dirgan river, and, living nearer the desert, and 
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further from Asterabad, they are perfect!; independent of 
the Persian sway. 

It frequently happens that the Chomur and the Chom 
change their avocatioos. When a Chomiir realises a small 
fortune, he lays out his stock in the purchase of sheep, camels, 
Sec, quits the banks of the Qlirgan, approaches the desert, 
and becomes a Chorva, in order to be beyond the reach of 
the Asterabad authorities. On the other hand, when a Ghorra 
is depriTod, through misfortnne, of his flocks, he tarns agri- 
culturist, and becomes a Chom^. According to the prin- 
ciples laid down in political economy, the agriculturist stands 
a degree higher in the scale of society than the shepherd who 
tends his flocks ; it is the reverse on the pluns of Turko- 
m&nia. We most obserre, however, that althou^ the Cborra 
lead essentially a pastoral life, they still possess some fields 
which they cultivate between the rivers of Attrek and G^r- 
gan, but the soil is much inferior to that on tlie southern 
banks of the latter river. 

It would be foreign to the object of the Society were I to 
dwell at any great length on the various remains we meet on 
the plains of the Yamdds and Goklan Turkomans, and which 
denote that this country must have been formerly densely 
populated, and have attained a certain degree of civilization, 
to which, at present, it can lay no claim. I shall, therefore, 
limit my observations to a summary sketch of what may 
appear most interesting. The first object deserving of notice 
is the great wall which rtins from E. to W., and situated be- 
twe«i the Ctdi^an and Attrek rivers. By whom was it 
erected ? In D'Herbelot we find some obscore accounts abont 
a certain wall to the east of the Caspian, which he surmises 
may extend to the Chinese walls, and compares with the 
Saddi TnJ-i-Majuj of the Arab writers — the Gog and Mi^g 
of Scripture. Oriental historians speak of a wall which 
Nti^irvao raised ag^nst the encroachments of northern bar- 
barians, or only repaired an old one, attributed to Alexander 
Dtilkameln ; but I shall leave the hypothetical and historical 
part concerning this wall (although the subject well deserves 
a closer investigation), and attend to the description of it in 
its present state. 
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The wall commences at the mountain of Puthti-Kimer, 
aboDt fifteen miles below the source of the Ghlrgaa river, 
along which it is carried nearly in a parallel line with the 
stream, on the right bank, till it reaches the shores of the 
Ca^ian, and the continuation of it is said to be seen onder 
water for some distance. The whole length of the wall may 
be ninety miles, or thereabouts. I must observe, however, 
that it does not form an uninterrupted rampart, but consists 
of mounds of various heights — in some parts from eight, to ten 
or twelve feet high, in others level with the ground, and im- 
perceptible. The wall, externally, is covered with earth, and 
overgrown with grass and brambles ; and it is only from the 
intersections, and the bricks strewed about, one can judge 
that it was built of large square bricks. 

At fixed intervals there are square redoubts, each face of 
the redoubt measuring 160 paces ; on some of them the Tur- 
komans have their burying-ground. 

This wall goes by the name of Kizil^AUin, (Kizil meaning 
gold, and Allan probably, borrowed firom the once power£[il 
nation of that name, who were settled for a time near the 
Caspian, and who, during the rush of the Asiatic hordes into 
Western Europe, penetrated, with the Suevi and the Vandals, 
into Spain.) Klaproth is of opinion, that the Ossets, spread 
in the Kabarda and the valleys of the Caucasus, are a remnant 
of the Alluis. Deguignes says nearly the same tiling. 

Beyond the Eizil-A114n is another wall, running parallel to 
it, but much lower, and in many places imperceptible. The 
intervening ground forms a road at present ; but I suspect 
that formerly it must have been a canal or ditch, serving two 
puiposes — that of strengthenit^ the line of defence, and, in 
time of peace, supplying water to the fields beyond the G(ir- 
gan. What bears me out in this ccmjectnre is the following 
&ct : — As the GUrgan, with its tributaries, flows between 
very high banks, water could not be procured for irrigating 
the fields ; the cultivators of the land were obliged, therefore, 
by means of canals, to bring the water from a distance, where 
its level was higher than the fields which required irrigation. 
I met with several of such canals, brought &om the mountains, 
and extending to the Gilrgan, with remains of aqueducts. 
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by means of which the water was earned Qver the river, and 
then ran along another cbaanel, till the junction of the latter 
with the Eizil-Alldn wall, which in those parts is cat acroes, 
to allow the passage for the water. 

The tower called Oiimbet-i-Kabfis has been described by 
other trayellers ; it stands amid the ruins of the oooe popu- 
lous town of Jurjan, celebrated for its learned men, and ca- 
pital of the whole province which bore its name, now covered 
with high grass and reeds — a receptacle for leopards and 
other beasts of prey. 

Of the town of Bibi-Shin^n nothing more is seen beyond 
a number of green mounds, although the Turkomans assured 
me that some deep subterraneous passages have been dis- 
covered there. 

Both Bibi-Shirrtn and Jurjan are said to have been de- 
stroyed by an earUiqnake. I likewise learned, when it was 
too late to retrace my steps, of the existence of a great reser- 
voir of water, somewhat in the style of the Lake Maeris* ta 
Egypt. The natives call it YftaJtM, and say that it is about 
7i English miles m length, and wide in propration, and «bove 
SO feet in depth. In spring, the water of the torrents, flow- 
ing from the mountains, is acQomalated ia the lake, and is 
used in summer for the irrigation of the rice plantations. 

Gafir-Kal^h, Perez, Sh&hrek, appear to have been towoa or 
fortified camps. Dasfatalgh^ or Salooil represents, in all pro- 
bability, the site of the palaoe and pleaenre-gardena which 
Aniir<Timnr had constructed for the ladies of hia harem dar- 
ing the winter he spent at Turjan, which is close by. 

The plains of Turkomania pc^seBS above 60 very consider- 
able artificial mounds, such as are met in Khoraasan ; they 
certainly are of great antiquity, and may be referred to the 
times of the Scythians or Parthians. In one of these mounds 
some very curious articles, in gold, copper, and marble, have 
been lately discovered. A detwled description of them has 
been presented by me to the Society of Antiquaries. 

1^ nmu of Ak-Eal£h, a modem town, are situated between 
tJte EararSti and 6lii^[aD rivers. It was once the capital of 
the Eajars. 

The OoklaiUi awribe tJieir orifpn to two brothers, Dv- 
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tlm^d, and Alffhtdagli; from whom all their diHerent ohuu 
proceed. They are now divided into the foUoving tribes : — 

1. Yangakh. 

2. Senkrik. 

3. Kerrik. 

4. B<^liider. 

6. Kara-Balkhan. 

6. Erkt^i. 

7. Koii, 

8. Ay-dervish. 

' The nnmber of the Gioklans formerly amounted to 12,000 
ftmilita, bnt of late years it has, fW>m varioua causes, conai- 
deiably decreased. The Khan of Khiva forced several thou- 
saadfi to settle in his dominions ; others voluntarily migrated 
in the Kune direction at the approach of a Persian army in 1836. 
Hiey soon found, however, that they had exchanged their 
wooded, fertile, and beautiful valleys, abundantly watered by 
mountain streams, for a barren and sandy waste, and prepared 
to return to their former habitations, but were met with an 
obstinate reststance on the part of the Khan of Khiva, who, 
to prevent their escape, issued an order that the first deserter 
should be thrust into the mouth of a loaded mortar and blown 
up into the air. But such is the love of country, and the 
power of loual associations, that the Goklans braved the san- 
guinary decree, and the no less dangerous flight across the 
desert; and many escaped pursuit. It is on occasions like 
those that the excellency of the Turkoman horse can he best 
appreciated — the fugitives being obliged to traverse, day and 
night, immense tracts without water. The Goklans, on escap- 
ing from the pursuit of the Usbeks, are exposed to the attacks 
of the T^k6 Turkomans, their deadly foes, through whose ter- 
ritories they are under the necessity to pass before they can 
reach their native vallies. Hiding themselves during day time 
in ravines, they continue their flight at night, often traversing 
from 35 to 40 miles at a brisk trot on their hardy, yet slen- 
der-limbed animals. 

As a proof (if proof be yet necessary) how kind Providence 
is ever watchful to help the needy, I may state tliat, on the 
very verge of the desert, but still in the country of the enemy, 
the Goklans find a tribe of their own countrymen — the JToii — 
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«ettled there for a number of yetaa bj pennissioii of the T£k£ 
TurktHnans, who never moleat tbetn. Here the ftigitivee alight 
for a short time, to fetch breath, and snatch a momentary re- 
pose : the Kol procure them food, and often freeh borses, to 
oontinae tlieir joomey. 

The beacon whioh serreH to guide the Gk)kl&n8 across the 
dreary eteppe is the snowy peak of Demarend (not more than 
30 or 40 miles from Teheran), and yet seen at a great distance 
in the desert of Kborazm. 

The Turkomans follow the creed of Mohammed, and are of 
the Snnni persuasion, i.e., they recognise the four oaliphs, his 
immediate soooesBors. Although not very scmpuloua in foQowr 
ing the tenets of the Koran, they still have their MuUaha or 
Ca^, the propounders of the law, who, at the same time, are 
the civil judges of the tribe. These Cazi follow tb^ oottrse of 
etodies at the colleges at Khiva, bat are seldom less ignoruit 
than the rest of their countrymen, although perhaps moreorafty. 

Among the Turkoman tribes there are fonr distinct from 
the rest, supposed to be descended from the four first oalipha 
They are equally respected by the Yamiids, the Goklans, the 
Tekke, the SalArs, and the Sariks, and are not touched by 
those rival tribes. 

The names of these four families are the following : — The 
Khoja, deaeendanta of Ali ; the Atta, descendants of Omar; 
the Shikhs, descendants of Osman ; and the Makhtum-Kdl!, 
descendants of Abiibekr. 

Some of these tribes have turned to account ihs advantar 
geous position they enjoy amid their countrymen ; and, under 
the safe-guard of their sacred origin, have become merchants, 
traversing with their caravans of camels in all the directions 
of the desert — carrying goods to the different hostile tribes, 
and receiving others in exchange, without fear of being plun^ 
dered or molested by any of them. 

In wishing to present here a sketoh of the Turkoman 
character, I regret that I can find bnt very few redeeming 
qualities to palliate the evil propensities of their nature. 
The Turkomans are said to be brave ; but I am inclined to 
suspect that this notion arises from the circumstances of their 
enemies being cowards, A Turkoman feels always reluctant 
to expose himself to danger ; his warfare against the Persians 
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is Beldam s manly, open war ; it generally oonsiats m sudden 
anexpeoted inouraioDB. The Turkomans approach the Per- 
aian villages in stealth, in the dead of night, wait for the Grat 
dawn of morning, then rush on the disarmed and drowsy po- 
pulation, plunder what they can ; after which they retreat pre- 
cipitately, carrying off into their deserts the captives who have 
fallen into their hands. Their piratic exploits on the Caspian 
are likewise directed against the poor villagers of Mazanderan, 
who venture too near the beach, or fish in the sea. If the 
Yamtid finds his enemy armed with a matchlock he seldom at- 
taoks him, but speedily retreats, or hides himself in the thick 
forest. The Turkoman seldom makes use of fire-arms, and 
prefers the lance and the sabre. 

The ruling passion of the Turkoman is thirst for plunder — 
nothing is reckoned sacred that stands in the way to the at- 
tainment of the objects of bia cupidity ; and when force can- 
not be employed, he has recourse to cunning in order to be 
possessed of the object be covets. 

Tbe second passion which fills his breast is revenge : it is 
Bubserrient to the first, and proceeds generally from some sor- 
did motive. Tbe secret, and often the ostensible, cause of 
their bloody feuds, is founded on the prospect of plunder. 

Tbe reason why the Turkomans are more inhuman than 
the other barbarous wandering tribes, cannot be attributed, I 
believe, to any other cause, than tJiat they are slave-dealers. 
Their daring forays are nsnally undertaken with a view to 
carry away captives, whom they retain in chains until re- 
deemed by their relations, or sell them in tbe bazars of Khiva, 
if ih& ransom money fails to arrive in time, or proves insuffi- 
cient to satisfy their t^upidity. The prisoners are sometimes 
retained for their own use, and sent to tend their flocks in the 
desert, or employed in field works. Thus they are the terror 
of their neighbonrs — ^the Persians of Mazanderan, Asterabad, 
and Khorassan, who are obliged to be always on their guard 
against the sudden attacks of the Turkomans. 

As the Persians are of the Shia sect, and the Turkomans 
of the Sunni, the latter justify themselves on the ground that 
to seize on a Persian and sell him is lawful ; others, however, 
are more sincere, and own that if the Persians, instead of 
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Sbia, had been Sunni, then tliey themBelres most have tuAed 
Shia,— as the circumstaiice of being of the same religion miglrt 
hare interfwed perhf^s with their present locrative trade. 
These religions scruples do not prevent them, howerer, Jrom 
ct^tnring persons of their own relij^oos persoauoa and their 
own tribe, with f^oin they h^pen to be in enmit]', wid fixing 
enoimons prices for their release. 

If this thirst for gain renders the heart of the Torkoman cal- 
loos to the sufibring of his feUow-oreatures, I fbund, on the 
other hand) that the feelings of sympathy are more developed 
among the inhabitants of AMerabad, than in other parts of 
Persia, — the danger apprehended from the Turkomans being 
the tie which unites them. Thus, if any of them fells into 
the hands of the enemy, subscriptions are made to release the 
dative, and the whole community takes a lively interest in 
the sad event. I beg leave to meDti<m here an instance, of 
.which I myself was a witness. 

On riding one evening throngh the streets of Asterabad, I 
found a woman kneeling in an open mosque, clinging with 
both arms to the pulpit, and weeping bitterly. On inquiry, 
I found that intelligence had just been received of her son 
being kidni^ped by the Turkomanst I recommended the dis- 
consolate mother to pray with faith, uid God would hear her 
prayer. In the meanwhile, the news spread through the town, 
horsemen were sent in pursuit of the roMiers, bat returned 
without having discovered any traces of them. The boy, a 
lad of 13, vras the 8<hi of a common dyer, and had strolled out 
.of the gate with a companion to fotch foel from the wood close 
to the walls. A Turkoman, it seems, who had been prowling 
like a beast of prey, seized on him, while the other lad made 
his esci^e. 

The night was far advanced, when a loud noise in the street 
close to my dwelling aroused our party. It was the lad, who 
had made his escape from the Turkoman, and was now led in 
triumph about the streets with joyful acclamations. As I had 
evinced some interest in the catastrophe, his father brought 
him to shew me that he was safe. 

It appears that the Turicoman, while it was light, lay hid 
in the thicket ; as night came on, he issued from his hiding 
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J>Tace, and stole near to the ramparts of the town, in order to 
gain the plun, dragging along with him his captive by the 
arm, who dared not scream for fear of being put to death. He, 
however, recollected that he had a knife in his right pocket, 
and complaining that bis right arm was quite benumbed ftxtm 
the Turkoman's grasp, he entreated him to release it for a 
while and take hold of the left ; to which the robber acceded.' 
As soon as he had found his right arm free, he thrust it into 
his pocket, seized the knife, and with all his force hit a blow 
on the hand which held his left arm. The man let go his hold 
from pain, and the boy dashed into the tlucket The night 
was dark, the town too near for the Turkoman to tarry long ; 
he soon gave up the search, and fled to the Gurgan river, while 
^e boy ran to the city-gates, and knocked for admittance. 

The Yamuds, as well as the Goklans, have a very high opi- 
nion of their own race, and never grant their daughters in 
marriage to strangers foreign to their respective tribes, like 
the RajpUts in India. 

To prove how great is their susceptibility on this point, I 
shall state a fact which took place during the re^ of the late 
Feth Ali-Shah. 

Mirza-Naghi-Khan, of Fenderis, fether to Mir-Sadiillah- 
Khan, the present chief of this district, fell in love with a 
young Turkoman girl, and demanded her in marriage from 
her parents. They resisted for a long time, but at last, by 
money and fair promises, yielded to his importunities, and 
their daughter became his wife. This event exasperated greatly 
the whole tribe against Mirza-Kaghi-Kban; but as he was a 
powerful and dangerous neighbour, they stifled their feelings, 
made peace with him, and feigned to have forgotten the af- 
front. At the expu^tion of a year, the young Turkoman wo- 
man expressed a wish to visit her parents, and as the Persian 
Khan felt no apprehension in her going, he granted her re- 
quest. But no sooner had she entered the encampment of 
her tribd, than the Turkomans seized on her, dragged her to 
the top of an artificial barrow, and there, in the presence of 
faer parents, cut her to pieces. Foreseeing the vengeance 
which threatened them on the part of Mirza-Naghi-Ehan, and 
not feeling themselves sufficiently strong to resist him, the 
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TurkcHnans broke np their tents and retired to Khiva. Bat 
if we feel Bhocked at the barbarous act above related, how 
rnncli more shall we have to deplore the atrocious means to 
wliich the injured party had recourse in retaliation for the 
deedT 

Mirza-Naghi-Khan made believe that he was sorry for what 
had happened, acknowledged himself in the wrong for not 
having respected their prejudices, and pledged his word that 
no barm should be done to them, if they would only return. 
The Turkomans believed him ; but they were not reinstated 
long in their former encampments, when Mirza-Naghi-Khan 
seized an opportunity to fell on them unawares, and carry 
away about 50 women of their tribe, whom he put to death 
in cold blood, in order to avenge the death of his wife, and 
dake his thirst for vengeance. The decrees of Providence 
are ever just, — a few years later the chief of Fenderiss bim- 
aelf fell by the Hands of the Turkomans. 

The Turkomans observe a difference between their children 
from Turkoman mothers, and those A^im the Persian female 
captives whom they take as wives, and the Kazakh women 
whom tbey purchase from the Uzbeks of Khiva. The Tur- 
komans of pure race enjoy full privileges, while the others are 
not allowed to contract marriages with Turkoman women of 
pure blood, bat most choose .themselves wives among the 
half-castes and Kazakh captives. 

Ab there exists a great animosity between the Yamilds and 
Ooklans they do not intermarry, although they reckon them- 
selves of equally noble lineage. The same hatred is extended 
to the ^6^ik6 Tark(Hnans, whom the Goklans and Yamtds, 
moreover, look upon as their inferiors, being, according to their 
genealogies, the descendants of a slave- woman, whilst they are 
the posterity of a free-woman. 

All subjects are better understood when ezpluned by oom- 
parisoQ ; i^ith^I to this principle, I shall endeavour to delineate 
the physical features of the Turkomans, by likening them to^ 
or distinguishing them from, the Mogol race, asaterm of com- 
parison, because their exists some affinity between- them. 
The eye of the Turkoman is formed on the same principle 
as that of the Mogol, and appears to constitute a remarkable 
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feature in the Mogol race. It is the eye of the feline species, 
with the extremities drawn up towards the temples ; but, if 
I am not mistaken, the pupil of the eye is not so black with 
the Turkoman, and the eye larger. Neither is the nose so 
flat, nor the lips so thick, although the high cheek-bones bear 
the Mogol t}'pe. The Kalmuk approaches nearest to, or is 
more probably identical with, the Mogol ; he has the same 
low forehead, the head pressed down, forcing the cheek-bones 
to protrude forward ; the same flattened nose, and thick pout- 
ing lips, with small black eyes, nearly hid from sight by his 
swollen face ; the same jet black hair ; the chest is like- 
wise broad and muscular ; and, to judge by appearance, one 
would thiok it alone endowed with power at the expense of 
the lower part of the flgure, as the legs are short and gauky ; 
but one is brought to form a better opinion of them, when 
the Kalmuk vaults on horseback, without saddle or bridles 
clin^ng fast to the sides of the animal with his thighs and, 
ankles, and defying the wildest horse of the steppe to throw 
him down. The Turkoman does not resemble the Mogol in 
these respects : — He has a high forehead ; his hair is not so 
black ; the chest less developed, in fact, narrow and flat like 
that of the Persian race \ or, bringing the comparison nearer 
home, like the chest of his own breed of horses. Like his 
noble animal, the Turkoman, generally speaking, is tall, well-r 
shaped, with lai^e bones. He is not deficient in strength, 
and has muscular arms, probably from the use of the bow ; 
but the arms of the women are perhaps still more muscular, 
owing to the heavy work which falls to their share. 

As the Turkomans generally wear long flowing robes, I 
could not well examine the form of their legs. There appears, 
it is true, a certain curvature, by the toes being bent inward, 
which may proceed from their equestrian habits from child- 
hood ; but they are not so bandy-legged as the Mogols or the 
Kalmnks. 

If I were to search for a family resemblance between the 
Turkomans and any other Turkish tribe which has fallen under 
my notice, I should be inclined to compare them to the No- 
gay-Tartars, in Northern Daghestan, on the Western shores of 
the Caspian. The Nogay, with the Krim, the Astrakhan, and 
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tbe Kazan Tartars, formed once the Golden Horde, nKder the 
sway of Mogol or Tartar Chiefs. It was in conseqaence of the 
Hogol dominion that the name of Tartar extended to them, 
although they reckon themselves of the same extraction as the 
Tnrks of Constantinople ; and the Torkomans pretend to he 
of the same origin. It is affirmed, however, by those who 
have studied the several Turkish dialects, that there exists a 
material difference between the language spoken at Constanti' 
ni^Ie, and that by tbe Kazan Tartars, or the Turkomans, who^ 
together with die Usbeks and others, speak tbe Jagatal 
Turkish. The language in use among the wandering tribes 
<^ Turkish or^in in Persia is different from both tbe former, 
and is reckoned a corrupted dialect. That of Constantinople 
is the most elegant and the best cultivated of the three. 

The more intimate connection of the Astrakhan and Kazan 
Tartars with the Mogols can be traced in their features ; with 
the Nogay it is less visible. In Uke manner, the Turkomans 
further off in the desert, and the Uzbeks of Khive, have more 
of the Mogol expression than tbe Turkomans who encamp 
near tbe Persian frontier. The ireqnent intercourse of the 
Nogay, in latter years, with the Cherkess, seems to have im- 
proved their race ; and notwithstanding the enmity that exists 
between the Turkomans and the Persians, it is still not un- 
likely that tbeir close vicinity should have produced on the 
former a similar effect in a lapse of several centuries. The 
fact we have seen, that tbe Turkomans marry Persian women, 
when they take them as prisoners. The Turkoman women 
are, like the men, tall, and when young, well-shaped ; their 
faces are rounder than those of the men ; the cheek-bones less 
prominent ; the eyes black, with fine eye-brows, and many 
with fair complexion ; the nose is rather ilat ; the mouth small, 
with arowof regular white teeth. In a word, a great number 
of the younger part of the communis might bo reckoned as 
fair specimens of pretty women. 

I hope I may not be accused of partiality if I do not draw 
an equally advantageous picture of tbe old Turicoman nu- 
trons ; for they are downright hideous, to say the least of it 
Their ugliness is, however, cast in a different mould from that 
of the old women among the wandering tribes of Per»a. The 
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latter hare sbu^JMdad faiAam. -with a wild pierciag eye 
■iBicJ»lNSBirBod(et ; the face of the former, on the con- 
tzwy, is nearly flat, with hardly any appearance of a nose, and 
shrivelled all over. 

What presses the nose of the Turkoman women towards the 
top Up, is their custom of hiding their mouths under a hand- 
kerchief, which reaches to the tip of the nose, pressing it 
down. The same custom prevails among all the Armenian 
women in the £ast, and is reckoned as an indispensable con- 
dititm of female decency. This part of the dress b somewhat 
similar to the Penom worn by the ancient Gebber priests 
whenever they approached the sacred fire, for fear their breath 
shonld pollute the pure essence and symbolic manifestation of 
the Deity ; for, according to the doctrines of the Zend-Avesta, 
the same as in Gospel truths, it is Uiat which cometh out of 
man which defiles him ; with that difference, that Zoroaster 
understood it in a more literal sense. 

We have seen that the Yamnds are addicted both to a pa»< 
tor^ and an agricultural mode of life— although more espe- 
cially to the former. Their neighboilrs, the Ooklans, are more 
settled. Their tents are spread in beautiful valleys, others in 
the plain along the banks of the Gurgafi and its tributaries. 
Their chief occupatiod is agricnlture ; the land is reckoned 
very productive, although at present much neglected. The 
soil between the mountains and the Gui^an, consisting in black 
earth and clay, is used under wheat and barley fields, — the 
crop of which, in proportion to the seed, in good years, is 100 
to 1. Beyond, but close to, the river Gnrgan, the fields yield 
the sixtieth grfun, and less as one advances towards the north. 
We might feel somewhat reluctant to admit this great dis- 
proportion between the seed and the harvest, were we not 
informed by Herodotus, on whose veracity we may safely 
rely, that the fields near Babylon produced com in the pro* 
portion of 200 bushels to one bushel committed to the earth. 

Independent of field work, the Goklans have plantations of 
the mulberry-tree for their silk- worms. If China be the lather- 
land, as it is snpposed, of the silk-worm, then in travelling 
towards the west, this insect was probably reared in the val- 
leys of Crurgan, before it spread and flourished in the pro- 
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Tinces of Ghilan, of ShirvaD, or even Bttained Asia-Minor 
and Brasa.* 

We read in the Arab writers, that in the flourishing days of 
Juijan the revenue of the province was collected in raw silk. 

The Turkomans marry their children at an early age — the 
lads from fourteen to fifteen, and the gtrk from ten to twelve. 
But in cases of early marriages a singnlar custom exists among 
them. After the ceremony is over, the young spouse tarries 
"only two or three days with her youthful mate, and then 
retnros to her parents, where she remains two, and sometimes 
three, years. During this interval she prepares her dovn-y 
consisting in her apparels, and the necessary articles for adorn- 
ing the interior of their future tent. When the two or three 
years are completed she is condnctad to the tents of her father- 
in-law, and lives there with her husband during a twelve- 
month. At the expiration of the year, the father allows his 
cAiklren to have a separate household, especially if a child be 
bom unto them. Separate tents are then allotted to the young 
couple, and the young man receives his share of his &ther's 
property, consisting in camels, horses, flocks of sheep, Sk. Bat 
notwithstanding the separation has taken place, the father still 
contjmies to provide ftrr their maintenance the first six months ; 
after whicdi the young man becomes free from the control and 
guardianship of his parent, who till then bad exercised an 
unlimited power over him — possessing the right even of lifb 
and death, without being liable to give any account of his 
actions to the society of which he is a member. 

As hard work generally falls to the lot of the women, while 
tiie men saunter away their time, when not engaged in a forsy, 
the Turkomans prefer young widows to young girts for their 
wives, as the former are more accustomed to hard labour, and 
more experienced in household concerns. The Turkoman 
widows fetch a double price in comparison to spinsters. Thus, 
if a girl be worth the value of five camels, a widow cannot be 
had under the rate of ten camels. But justice must be given 
to these women for their industrious hi^bits ; they have always 
some work in hand, and are seldom seen idle or loitering 

* See m ProfeBaor Bitter'e geographical work, entitled " Erdhinie, ' 
an iateiestiDg hUtoiical account of tbe culture of tbe SilX-womi. 
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aiboat ; and notwithstwiding the fatigues of the day's lahoor, 
I generally found that whenever an enemy was prowling abont 
the camp at night, they were always the firBt, like the geese 
of old Borne, to give the word of alarm. 

The Turk«Ban8 have a noti<m that they cannot shew a 
greater degree of respect to their departed friends than by 
bnrying them the moment tliey givo up the ghost; and it is 
greatly to be feared that many an nafortunate victim is thus 
prematurely hurried to the grave from this mistaken notion of 
Iionouring the dead. 

On the spot, in the field where the corpse is washed, the 
Tarkcanans raise a small harrow, and dig a ditch round it ; 
firom thence the dead body is carried to the buryiDg ground of 
tiie tribe on some elevated tepefa or artificial hillock, as there 
are so many on the plains of the Turkomans since times imme- 
morial. As soon as the sad news spread abroad, all the 
relations and fiiends arrive from the different encampments 
to condole with and offer consolation to the family of tiie 
deceased. They bring their own tents and place them in 
a circle romid that of the mourners ; the women then go 
by turns to weep with the family, e;^ecially such who have 
gained some reputation in the art and manner of weeping 
in the proper style. The men remain mostly out of doors ; 
and, as on all occasions when they meet, whether at joyous 
festivals or funeral ceremonies, riding is their great amuse- 
ment, horse-races are usually resorted to. They remain, thus 
carousing, for weeks tt^tber, at the expense of their host, 
until the latter announces to his friends, that, thanks to 
their endeavours, he (if it be a widower) or she (if a wi- 
dow) feels consoled and resigned to his or her fate. This is a 
signal for the party to break up their tents, and take their leave. 
These condoling visits become very expensive to the poor sur- 
vivors, who have often not only to weep for the loss of their 
relative, hat likewise that of being ruined into the bargain 
by their considerate friends. It sometimes h^peos that rich 
Turkomans, from a feeling of ostentation, retain tlieir guefita 
for a whole montJi, feeding them with rice, mutton, cheese, 
batter, milk, and such other produce of their flocks and herds, 
in wjiich their riches chieQy consist, Among the Yamuds. 
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Utere are indiTidoals who poEsess upwards of 1500 diaap^ 3M 
camels, &om 20 to 30 mares, and as many captives. Th« 
Goklans are not so rich in herds. I have mentioned that the. 
Turkomans are fond of horse-racing. It is quite a passion 
with them. To a Toikoman a horse is everfthing. On its 
strength and power of endurance depends materially the soo- 
cess of his {wedajtory ezcorsions into the enemies' country ; on. 
its fleetness — his means of esc^ie. It is to develope these 
essential qualities that the Torkomas conseorates to his horse 
all his leisure hours. To say that he attends more to the care 
of his horse than to hb own child, would not be saying 
much ; because the latter is left completely at the mercy of 
(^ance, to grow up as he can, while the favourite horse receivea 
all the attentions, not only of its master but of the whole' 
family. It wonld take us too far w«» we to enter into the 
details of training Turkoman horses ; moreorer, other travellera 
have already given descriptions about it ; we shtdl only ob- 
serve that the Tekke are reckoned the best horses for a long 
and protracted journey and forced marches ; the Goklan and 
Vamud are more tiender, and smi/ter horset. 

The Tekke are preferred even to the pure Arab blood-horse, 
by the Persians at the Court of the Shah, and among the great 
men. As the encampments of the Tekke Turkomans are 
among &e ruins of Nissa, it is very probable that the Tekk« 
horses belong to the same Nittean race of horses which 
Stfabo, and other ancient writers, mentioned as being mostly 
pnzed by the Persians. It is equally to be sn^osed, that it 
was on thesame Turkoman breed of horses that the Scythians, 
and, later, the Parthians, waged war against their enemies ; 
and the plains of Turkomaniawas the seat of their dominions. 

When not engaged in plundering expeditions; nor exorois- 
ing their horses, the wandering Tni^dmans lead an idle Itfb, 
spending the day in sauntering {W>m one tent to the next. 
They assemble in groups, and find great pleasure in talking 
over their deeds of prowess, and cunning manceuvres in sur* 
pri^lg their enemies. Among other recreations, we most 
not omit to mention that the Turkomans are very fond of the 
game of chess, and are reckoned to be great proficients in' 
it : even their enemies, the Persians themselves, who are good 
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cheas-pla^ers, admit the enperiority of the Torkomane in tJiat 
respect. What fenders the game more pozzling, and the 
calculations mnch more difficult, is, that their chess-board is 
not, like onrs, divided into thirty-two light and tbirty-two 
dark compartments for tbe movers, bat consists all of one 
colour. It is nothing more than a fonr-comered linen rag> 
with lines drawn over it in a vertical and horizontal direotion 
to mark the fflxty-fonr compartmehts. This simple chess- 
board, which can be wrapped up as a pocket-handkerchief and 
carried about in the pockety is evidently manufactured by 
their women, for the transversal lines are stitched on the 
linen with dark worsted threads. It is recorded that, during 
tiie reigu of the late Shah, a Tnrkoman came to Teheran, 
and having been admitted into the presence of the Feth-AIi- 
Shah, he beat all the best chess-players at the Court of his 
Majesty, and gained a htrge snm of money. 



NEW PUBLICATIONS RECEIVED. 

1. Elementt of Natural Hisbn;, for the use of Schools uid Yonng 
FeraooB. B7 Mn S. Lee (foTmerIf Mn T. Edward Boirdich). 1 vol. 
pp. 485, with engraTiiigs in wood. LoDgman atid Co., London. 1644^. 
We rteoUeti no teorli on Eltmentary Ecology more daerving of introduetion 
Mo our leiooll libra tAti pltating volume, Ay a ladi/ already favoureMy knou/n 
Ut fA« wtenfijCc toorld. 

2. Rem&rchea on Light Bj Robert Hunt, Esq., Secretory to the 
RojbI Cornwall Polytechnic Society. 6ro, pp. 303. 1644. Longman 
and Co., London. Mr Mimft rtjialation U to vidl etlablithed, thai ive ne<i 
only mention thit voUitae to teetirt it a /avojirabU reception from the piiloio- 
phieal pwblie. 

S, Fifth Annnd Report of the Registrar-Qeneial in England. 2d edi- 
tioo, reviled and corrected, 6vo, pp. 603. London, printed by W. 
CloweB and Sana, Stamford Street. For Her Majeaty 'b Stationery 
Office. 1843. 

4. Traosactiona of the American Philoaophical Society, held at Fhil»- 
delpbiaforpromotdDgUaefiilKnowledge. Vol.iz. New Series, Part lit, 
4to. Fhiladelphis. 1S44. Thii put contuna three articlea :— Article lat. 
Continuation of Mr Lea's F^er on Freah-water and Land ^ella. 3. Tri- 
gDnametrical Snrrej of Maiaachuaetta. 3. Obaerrationa on Egyptian 
Ethnographj, derived from Anatomy, History, and the Monumenta. By 
Samuel George Morton, M.D. Dlustrated by an extenaire aeriea of En- 
graTinga, Thi* tniporjant m«motr we thaU notice in our next nuintfr. 



,t,.,.d.i.Cooc^lc 



218 Nem PubRcatiom. 

5. Die enten BegrWe der Mineralogie uod Geoj^oue fur juoge prac- 
tiicbe Berglente. Von Friederick Mobe. HeroUBgegeben nach Sunem 
Tode. 2-Baiid, Svo. Wien, 1842. A ccpp of ttdt um-it ha at length 
reached ui. The *eeoiid volume — thai on Geognoty, — uieanuider very mtrretf- 
ing, and liiely to change or modt/i/ prevailing viewi in Geognoty and Qeoloffy, 

6. A S^Btom of MiQenlog]r, comprebendiDg the moat recent dii- 
coTeries, with nnmeroua woodcuts and four copperplates. Bj JameB 
Dona, A.B. 2d edition, 1 toI. 8vo, pp. 801. New York, and London, 
Published by Wiley and Putnam. 1844. Thit beautiful volumt doet great 
eredil to the avlhor, and alto to hit printert, engravert, and publithert. We 
have carefully examined it, and although we do not agree viith him in all hit 
vieua, we can with great truth recommend hit beolc to every one deeirowi of be- 
coming aeguainted with mineralogy, at one of the beit Ireatitet on thit very im- 
portant brandt of Natural Hittory in our language, 

7. A Lecture on Institutions for the Better Edncation of the Farming 
Classes. By Charles Daubeny, H.D., F.HS., Professor of Rural Eco- 
nomy at the Univenity of Oxford. 8vo, pp. 33. John Murray, London . 
1844. 

6. LehrbuchderNaturpbiloBophie. Von Oken. Dritte, nea Bearbeitete 
AuSage. Zurich, 1843. Thit uiort eontaim a condensed view of the cele- 
brated author's tpeculaiiont in gejieral natural history, and hit tyitemt of 
geology, mineralogy, zoohgy, and botany. 

9. Lehibuch der PhysikaUschen Oeographie und Qeologie. Von B. 
Studer, Doctor and Professor In Bern. Erales Capitel Enthaltend: 
Die erde im Verhaltniss zur Schwere. 8vo, pp. 398. Bem, 1844. 
Much it expected from thit viork on Physical Geography, by a philosopher to 
cdebratedat iU author. The first part only hat reachedus. We therefore 
delay expressing our opinion of its merits wntU the whole work it before the 
public. We may, however, remark, that Oeohgitls look forward to the volume 
on Geology at likely to eonlain a full geognoty of the Alpt, which Professor 
Studer it to able to give, from hit very extentive prifetieal acgiuiintance with 

10. Excursion throngh the Slave States. By O. W. Featherstonhaugh, 
FJt.S., F.CS. 2 vols. Sto. John Muiray, London. Thete amutiitg 
and interetting voluntet we recommend to the atlentiim of our readerr. The 
a'ttthor'$ Geological obtervationi will be considered afterwardt, 

11. Omndzuge der Botanik Entworfen. Von Stepban Endlicher und 
Fianz linger. 8to, pp. 494. Wien, 1843. Thit it one of the best of tAe 
»m<Uler philotophical works m Botany we are acquainted wilk.- 
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List of Patents granted for Scotland from 22d March to 
June 1844. 

1, To William Riitzr, of 106 FeDchurch Street, In the dtj of Lon- 
don, g;entlemEin, being a commiuiication firom abroad, " improrementc in 
caTstallizing and porlfjing eugon." — ^26th Marcb 1814. 

a. To CHAax.aa Habbisos, mvi^er of .tiie Coad Talon, and Jices- 
wood Iron-workB, Flintshire, " certain improTeinQnta in the mana&e,- 
ture of cut-iron pipes, and otiter iron. cutingB." — ^36th March 18M. , 

3. To William Isaac Cookson, of the borough and county of New- 
caatle-apOD-Tjne, Esquire, " improTementa in apparatus for burning 
anlphuT in the mannfoctnre of Bulphuric acid." — 26th March 1844. 

4. To Elihha Hatdon Collihb, of Ooldawortb^ Terrace, Rotber- 
hitbe, in the count; of Surrej, civil engineer, " certain improTomenti in 
the conntruction of fomacea and flues." — 27tli Marcli 1844, 

5. To JoBXPH DiCKKKaoii Staoo, of inddleton in Teesdale^ in tbe 
countfof Durham, manager of smelting works, "a new or improved 
plan fbr collecting, condensing, and purifjing the iumes of lead, copper, 
and other ores and metals ; also the particles of sncb ores and metals 
arising or produced from the roasting, smelting, or manutacturlng 
thereof; and also the noxious smoke, gases, salts, and acids, soluble 
and absorbable in water, generated in treating and working such ores 
and metals."— 30th March 1844. 

6. To William Edwabd Niwcots, of the Office ftir Patents, 66 
Chancer; Lane, in the count; of Middlesex, dvil engineer and patent 
agen^ bong a commumcation from abroad, " on improvement or im- 
provements in furnaces."— 4th April 1844. 

7. To John Stbvellt, of Belfoatj in the count; of Antrim, profbssor 
of natural philoaoph;, " improvements in steam endues." — lOUi ApcII 

8. To Tbomab Nash, of Paul's Cra;, in the count; of Kent, paper- 
maker, and Fbancis Pibie, of Watling Street, In the dty of London, 
paper-maker, *' certain improvements in the manufocture of p^>er, and 
in the raachinei; to be aaed therein."— 11th April 1844. 

9. To William Thomas, of Cheapaide, in the dt; of London, mer- 
chant, being a commonication &om abroad, " improvements m fasten- 
ings fin* wearing apparel, and which ma; also be applied as &stenings to 
portmanteauBj bags, boxes, books, and other things." — ISth April 1844. 

10. To JohitLawsoit, of Leeds, in {be count; of YM!k, engineer, and 
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Thokab RoBtiraoK, of Leeds, in tiie county of York, flaz~dieuer, " cer- 
tiin impraTemeiiti in maohinety, tot heckling, dt«wiug, combing, and 
rlnnninj; fltuc, wool, ailk, and other flbroni nilMtancu."— 17tli April 
18M. 

11. ToJOHSLRV,ofN«wcutift-npoii-Tyne,Biqnire,"impraTement« 
in obtaii^g |a«diicts from tulphnnU and otber comjwnsda containing 
miliar."— Mth April ISU. 

12. To WtLLUK Soon, of BrttM Street, Ficeadillr, in tlia cbnnt; 
of Hiddlewx, GiqaiM, being a oommnnioalion firam abroad, " improve^- 
menta in die tnanaJhctnM of fiteL" — S4th Apifl 18M. 

13. To WiLLiAK HsiTBT Bablov, of LeioettflT, civiteMgineer, " im- 
provements in the oonitniction of keys, wedges, or futenings, for en- 
gineering purposes." — 34th April 1844. 

\i. To JoHiT Dizoir, of Wolverhampton, iron-master, " imprOTementi 
in beatiDg air for blatt-&mace«, end for other nsea."^26di April 1844. 

15. To WaiiiAM Wbisht, of Duke Street, St James's, in the county 
of Middlesex, surfieon, " certain improvements in rendering leather, 
■kins, or hides imperrions to wet, more flexible, uid more durable."— 
SOOi April 1844. 

16. To lovx MIVIOSH, of the eity itf Glasgowi in Scotland, gentle- 
man, " certain improvements m. revolving mgines, and an improved 
tne&od of prodndng motive power, and of propelling vessels." — 30U) 
April isai. 

17. To Saucxl FAULKirxB, of IJancheater, in the county of Lancas- 
ter, cotton-spinner, " certain improvements in machineij or apparatus 
for carding ootton and other fibrouB substances."— 30dt April 1844. 

18. To WiiiLiAK iBTive, of No. 102 Begent Street, Lambedi, in the 
«onnty of Surrey, " improved machineTy and apparatus for cutting and 
carving sabstances to be appUed for inlaying and other purposes." — 
3d May 1844. 

19. To Jahbb Mdbbat, of the Oamkiik Coal Company, m the parish 
of Cadder and county of Lanark, Scotland, " a new method of unng and 
applying artificial gas made from coal, oil, or other substances, for light- 
ing and ventilaluig caverns, pits, or mines, or other pits where minerals 
or metals are worked oT extrabtod."— 3d May 1844. 

20. To Jauxs Bbehitxb, residing at Fulteney Tows, in the county 
<^ Caithness, civil-engineer, " certain arrangements for constructing har- 
bours, pien, and bnildings in wat«r ; for cleansing harbours, and for 
railing mnken veuels.''-^4th May 1S44. 
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Wck^ tiki, a^ tabM."— STtt U^ISU. 

a. To WiLLUJf BAsroKV, of Bnnlem, ia tbe eonntj of Stalbid, 
bri^asd tile Bum&dmet, " catkin improTwitenti in the mode of m»- 
■n&etmiiig kida, ttka, qnairiet, and MTtain otbm aitielea made or 
composed of cbj a»d twid-eBith, and of bunting and fliuig the aame, 
and eertuB aitidoi of pottwr and oartbuiinre."— S7tii Ufty 18U. 

SI. To WiLuuf JoHXSOV, of Richmond HIU, in the connty of Sanef , 
Eiqnire, "ocatain hapATsmenti in machinerj for boring, clwnng, CQt- 
ting, aod diMiiag atoae and date of Micb kinda aa are or mi^ bt lued 
far boildiag aad far onwmental pnrpoMa, and for panag of publie and 
private waTa.'— S8th Haf IBU. 

25. To JFoHK Tatlob, of Duke Street, Adelphi, in the oountf of Mid- 
dleaex, geutlemaa, being a conummication from abroad, " certain new 
medianieal combiiiatiDns, by meani of which economy of power and of 
fuel are obtained in the use (^ the ateam-engine."— rS9th Uajr 1844. 

36. To WiiauM Walkxk junior, of Brown Street, ,Maneheit«r, hj- 
diBiilic-engineer, " improTementa in warming and Tentilating^kartanenta 
and bnildingk"— 2&lh Maj 1B44. 

27. To Jamxs FiKVOK, of Manchester, in the coonfy of Lancaiter, 
eng^eer, b^g a ctonmnnication from abroad, " an improTed comfaina- 
tioii or kUoj of metala, applicable to variooa pntpooea for which bran and 
copper are nsnally emplo3'ed in the conBtouction of macbinerj."~-31«t 
Ua7lS44. 

28. To JosxPH CowAK, of BUydon Bum, n«ar Newoatrtle-upon-TTne, 
maebant, " certain improTements in making retorti for genonting gai 
for inumination," — fith June 1844. 

39. To Joshua FnooTas Wkbthzad, of Hancheiter, in the county 
. of lAncaater, cotttHi-Bpinner, " a new and improTed fabric, or new and 
improved fabrics, and also certun modificationi of machinery tm making 
the tame, which modificationB of machinery are applicable to the manu- 
facture of woven fabrica." — 6th June 1844. 

30, To GxoB&ii Wn-TOirTuBirBB, of Qateihead, in the coun^ of Dur- 
ham, doctor in philosophy, " the numufaoturing of laUi of ammonia and 
compoonds of cyanogen from a nibetauce nerer befbre applied to tljat 
purpoee."— 10th June 1844. 
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31. To ROBSBT Rbttu, of Qoamok, neai Greenock, in the ebnnty 
of Senfrew, in the kingdom of Bcotl&ad, ciTil-eDg^neer, " impraTementa 
in gridirona, fiTing-paiiB, and otber cooking utensils and beating app»- 
wtas.'*— 13th June 1844. 

32. To JAXiaEiKiTBDY, oftbefirmof BuTj:, Cartia, St 'KnvaeAy, at 
Livefpool, in the coantj of Lancaster, «ngineet, and ThOkAB VxBirOIT, 
of the same place, iron-shipbuilder, " certain improTements in the build- 
ing or conrtniction of iron and other vewela fot navigatioD on water." — 
24Ui June 1844. 

S3. To Chablxs WillUlH Gbabuc, of Sings'-^Arois Yard, in the 
cAj of London, merchaDt, being » commnnicatioD from abroad, " im- 
prOTementa in manufacturing pathological, anatomical, zoological, geo- 
logical, botanical, and mineralogical representations in reUef, and in 
arranging them for use."— 24:tb June 1644, 
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Memoir of the late D. F. Gregory, M.A^ Fellotv of Trinity 
College, Cambridge. By R. Leslie Ellis, Esq., Fellow of 
Trinity College, Cambridge. 



The subject of the following memoir died in his tbirty-firet 
year. He had, nevertheless, acoomplished enough not only to 
justify high expectations of his future progress in the science 
to which he had principally devoted himself, hut, also to entitle 
his name to a place in some permanent record. 

Duncan Farquharson Gregory was bom at Edinburgh in 
April 1813. Ha was the youngest son of Dr James Gregory^ 
the distinguished professor of Medicine, and was thus of the 
same family as the two celebrated mathematicians James and 
David Gregory. The former of these, his direct ancestor, ia 
famiUarly remembered as the inventor of the telescope which 
bears bis name ; he lived in an age of great mathematicianB, 
and was not unworthy to be their contemporary.. 

Of the early years of Mr Gregory's life but little need be 
said. The peculiar bent of his mind towards mathematical 
speculations does not appear to have been perceived during 
his ohUdhood ; but, in the usual course of education, he shewed 
much facility in the acquisition of knowledge, a remarkably 
active and inquiring mind, and a very retentive memory. It, 
may, perhaps, be mraitioned heie, that his father, whom he 
lost before he was seven years old, used to predict distinctioQ 
for him ; and was so struck with his accurate information and 
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clear memory, that he had pleasure in conversing with him, 
as with an equal, on subjects of history and geography. In 
his csise, as in many others, ingenuity in little mechanical con- 
trivances seems to have preceded, and indicated the develope- 
ment of s taste for abstract science. 

Two years of his life were passed at the Edinburgh Acade- 
my ; when he left it, being considered too young for the Uni- 
versity, he went abroad and spent a winter at a private aca- 
demy in Geneva. Here his talent for mathematics attracted 
attention ; in geometry, as well as in classical learning, he had 
already made distinguished progress st Edinburgh. 

The following winter he attended classes at the University 
of Edinburgh, and soon became a favourite pupil of Professor 
Wallace's, under whose tuition he made great advances in 
the higher parts of mathematics. The Professor formed the 
highest hopes of Mr Gregory's ftiture eminence: those who 
long afterwards saw them together in Cambridge, speak witii 
much interest of the delighted pride he shewed in his pupil's 
success and increasing reputation. 

In 1833, Mr Gregory's name was entered at Trinity Col- 
lege in the University of Cambridge, and shortly afterwards 
he went to reride there. He brought with him a very unusual 
amount of knowledge on almost all scientific subjects : with 
Chemistry be was particularly well acquainted, so much so 
that he had been at Cambridge but a few months when it was 
proposed to him by one of the most distinguished men in the 
University to act as assistant to the professor of Chemistry ; 
which for some time he did. Indeed, it is impossible to doubtf 
that, had not other pursuits engaged his attenti(»i, he might 
have achieved a great reputation as a chemist. He was one 
of the founders of the Chemical Society in Cambridge, and 
occasionally gave lectures in their rooms. 

He bad also a very considerable knowledge of botany, and 
indeed of many subjects which he seemed never to have stu- 
died systematically : he possessed in a remarkable d^i;ree the 
power of living a regular form, and, eo to speak, a unity to 
knowledge acquired in fragments. 

All these tastes and habits of thought, Mr Gregory culti- 
vated, to a certain extent, during the first years of his resi- 
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dence in Cambridge, of coarse in eubordination to that which 
was the end principally in view in hia becoming a member of 
the University, namely, the stndy of mathematios and natural 
philosophy. 

He became a bachelor of arts in 1837, having taken high 
mathematical honours : more, however, might, we may believe, 
have been etfeoted in this respect, bad his activity of mind 
permitted him to devote himself more exclusively to the pre- 
scribed course of study. 

From henceforth he felt himself more at liberty to follow 
original speculations, and, not many months after taking his 
degree, turned his attention to the general theory of the conk- 
bination of symbols. 

It may be well to say a few words of the history of this 
part of mathematics. 

One of the first results of the diflferential notation of Leib- 
nitz, was the recognition of the analogy of difibrentials and 
powers. For instanoe, it was readily perceived that 

or supposing the ^ to be undergtood, that 

\Tx) ^ \^/ W/ 
juat as in ordinary algebra we have a being any quantity, 
(pt * 1 = a"! (!». 

This, and one or two other remarks of the same kind, were 



diiferentiation and the ordinary symbols of algebra. And it 
was not I<mg afterwards remarked that a corresponding ana- 
logy existed between the latter class of symbols and that 
which is peculiar to the calculus of finite differences. It was 
inferred from hence that theorems proved to be true of oont- 
binations of ordinary symbols of quantity, might be applied by 
analogy to the differential calonlus mid to that of finite dif- 
ferences. The meaning and interpretation of such theorems 
would of course be whoUy changed by this kind of transfer 
from one part of mathematics to another, but their form 
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would remain unchanged. By theae ooneiderations many 
theorems were suggested of which it was thought almost im- 
possible to ohtain direct demonfitrations. In this point of 
view the subject was developed by Lagrange, who left unde- 
moQstrated the results to which he was led, intimating, how- 
ever, that demonstrations were required. Gradually, how- 
ever, matbematieians eame to perceive that the analogy with 
which they were dealing involved an essential identity ; and 
tbns resalts, with respect to which, if the expression may be 
used, it had only been felt that they most be true, were now 
actually seen to be so. For, if tbe algebraical theorems by 
which these results were suggested, were true, became the 
symbols they involve represented quantities, and such opera> 
tioDS as may be performed on quantities, then indeed the ana- 
logy would be altogether precarioos. But if, as is really the 
case, these theorems are true, in virtue of certain fundamental 
laws of combination, which hold both for algebraical symbols, 
and for those peculiar to the higher branches of mathematics, 
then each algebraical theorem and its analogue constitute, in 
fact, only one and the same theorem, except quoad their dis- 
tinctive interpretations, and therefore a demonstration of 
either is in reality a demonstration of both.* 

The abstract character of these considerations is doubtless 
the reason why so long a time elapsed before their truth" was, 
distinctly perceived. They would almost seem to require, in 
order that they may be readily apprehended, a peculiar faculty 
— a kind of mental duiihvollura which is by no means common. 

Mr Gregory, however, possessed it in a very remarkabla 
degree. He at once perceived the truth and the importance 
of the principles of which we have been speaking, and pro- 
ceeded to ap_ply them with singular facility and fearlessness. 

It had occurred to two or three distinguished writers that 

* If, as it has been eu^ested, the values of certain definite integi^ 
are to be IcxAed upon as merely aiithmetical results, tben in micb casea 
we are not at liberty ta replace the constants inTdved in the definite 
integral by symbols of operation. In other cases we are at. liberty to do 
60, and this remarkable application of the principles staled in the text 
has already led Mr Boole of IJncoln, with whom it eeema to have ori- 
ginated, to several curious coacluijions. 
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the tmalogy, aa it waa called, of powers, differentials, &o., 
jDight be made avfulable in the solution of ditferential equa- 
tions, and of equations in finite differences. 

This idea, however, probably from some degree of doubt as 
to the le^timacy of the methods which it suggested, had not 
been fully or clearly developed : it seems to have been chiefly 
employed as affording a convenient way of expressing solutions 
already obtained by more familiar considerations. 

To this branch of the subject Mr Oregory directed his at- 
tention, and from the general views of the laws of combina- 
tion of symbols already noticed, deduced in a regular and sys- 
tematic form, methods of solution of a large and important 
class of differential equations (linear equations with constant 
coefficients, whether ordinary or partial) of systems of such 
equations existing simultaneously, of the corresponding classes 
of equations in finite and mixed differences ; and lastly, of 
many functional equations. The steady and unwavering ap- 
prehension of the fundamental principle which pervades all 
these applications of it, g^vea tbem a value, quite independent 
of that which arises from the facility of the methods of solu- 
tion which they suggest. 

The investigations of which I have endeavoured to illustrate 
the character and tendenoy, appeared from time to time in 
the Cambridge Mathematical Jovrnal. 

In this periodical publication Mr Gregory took much inter- 
est. He bad been active in establishing it, and continued to 
be its editor, except for a short interval, from the time of its 
first appearance in the autumn of 1837, until a few months 
before hia death. For this occupation he was for many rea- 
sons well qualified ; bis acquaintance with mathematical Uter- 
ature was very extensive, while his interest in ^ subjects con- 
nected with it was not only very strong, but also singularly 
tree from the least tingo of jealous or personal feeling. That 
which another had done or was about to do, seemed to give 
him as much pleasure as if he himself had been the author of 
it, and this even when it related to some subject which his 
own researches migl^ seem to have appropriated. 

This trait, as the recollections of those who knew him best 
will bear me witness, was intimately connected with hia whole 
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ohsraoter, which was in truth an illustration of the remark of 
a French writer, that to be free from envy is the aoreat indi- 
cation of a fine nature. 

To the Cambridge Mathematical Journal., Mr Gregory con- 
tributed many papers beside those which relate to the re- 
searches already noticed. In some of these he developed cer- 
tain particular applications of the principles he had kid down 
in an Essay on the Foundations of Algebra, presented to the 
Royal Society of Edinburgh in 1838, and printed in the four- 
teenth volume of their Transactions. I may particularly 
mention a paper on the curious question of the logarithms of 
negative quantities, a question which, it is well known, has 
often been discassed among mathematicians, and which even 
now does not appear to be entirely settled. 

In 1840, Mr Gregory was elected fellow of Trinity College ; 
in the fcJlowiug year he became master of arts, and was ap- 
pointed to the office of moderator, that is, of principal mathe- 
matical examiner. His discharge of the duties of this office 
(which is looked upon as one of the most honourable of those 
which are aecesdble to the younger members of the Univer- 
sity) was distinguished by great good sense and discretion. 

In the close of the year 1841, Mr Gregory produced his 
" CoUection of Examples of the Processes of the Differential 
and Integral Calculoa;" a work which required, and which 
manifests much research, and an extensive acqutuntance with 
mathematical writings. He had at first only wished to super- 
intend the publication of a second edition of the work with a 
similar title, which appeared more than twenty-five years 
since, and of which Messrs Herschel, Peacock, and Babbage> 
were the authors. Difficulties, however, arose, which pre- 
vented the fulfilment of this wish, and it is not perhaps to be 
regretted that Mr Gregory was thus led to undertake a more 
original design. It is well known that the earlier work exer- 
cised a great and beneficial infiuence on the studies of the 
University, nor was it in any way unworthy of the reputation 
of its authors. The original matter contributed by Sir John 
Herschel is especially valuable. Nevertheless, the progress 
which mathematical science has since made, rendered it desir- 
able that another work of the same kind should be produced, 
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in which the more recent improvements of the calculus might 



Since the heginning of the century, the general aspect of 
mathematics has greatly changed. A diSerent class of pro- 
blems from that which chiefly engaged the attention of the 
great writers of the last age has arisen, and the new re- 
quirements of natural philosophy have greatly influenced the 
progress of pure analysis. The mathematical theories of heat, 
light, electricity, and magnetism, may be fairly regarded as 
the achievement of the last fifty years. And in this class of 
researches an idea is prominent, which comparatively occurs but 
seldom in purely dynamical enquiries. This is the idea of dis- 
continuity. Thus, for instance, in the theory of heat, the eon- 
dttions relating to the surface of the body whose variations of 
temperature we are considering, form an essential and peculiar 
element of the problem ; their peculiarity arises irom the dis- 
continuity of the transition from the temperature of the body 
to that of the space in which it is placed. Similarly, in the 
andulatory theory of light, there is much difficulty in deter- 
mining the conditions which belong to the bounding surfaces 
of any portion of ether ; and although this difficulty has, in 
the ordinary applications of the theory, been aroided by the 
introduction of proximate principles, it cannot be said to have 
been got rid of. 

The power, therefore, of symbolizing discontinuity, if such 
an expressioQ may be permitted, is essential to the progress 
of the more recent applications of mathematics to natural 
philosophy, and it is well known that this power is intimately 
connected with the theory of definite integrals. Hence the 
principal importance of this theory, which was altogether 
passed over in the earlier colleetiou of examples. 

Mr Gregory devoted to it a chapter of his work, and noticed 
particularly some of the more remarkable applications of de- 
finite integrals to the expression of the solutions of partial 
differential equations. It is not improbable that in another 
edition he would have developed this subject at somewhat 
greater length. He had long been an admirer of Fourier's 
great work on beat, to which this part of mathematics owes 
so much ; and once, while turning over its pages, remarked to 
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the writer, — " All these things aeem to me to be a kind <rf 
mathematical paradise." 

In 1841, the mathematical Profeseorship at Toronto waa 
offered to Mr Gregory : this, however, circumBtanees induced 
him to decline. Some years prenoualy he had been a candi- 
■date for tiie Mathematical Chair at Edinbnrgh. 

His year of office as moderator ended in October 1842. In 
the University examination for mathematical honours in the 
following January, he, however, in accordance with the usual 
routine, took a share, with the title of examiner, — a position 
little less important, and very nearly as laborious, as that of 
moderator. Besides these engagements in the University, he 
had been for two or three years actively employed in lecturing 
and examining in the College of which he was a fellow. la 
the fulfilment of these dnties, he shewed an earnest and con- 
stant desire for the improvement of his pupils, and his own 
love of science tended to diffuse a taete for it among the better 
ord^ of students. He had for some time meditated a work 
on Finite Differences, said had commenced a treatise on Solid 
Geometry, which, unhappily, he did not live to complete. 
In the midst of these various occupations, he felt the earliest 
approaches of the malady which terminated his life. 

The first attack of illness occurred towards the close of 
1842. It was succeeded by others, and in the spring of 1843, 
he left Cambridge never to return again. He had just before 
taken part in a college examination, and, notwithstanding se- 
vere suffering, had gone through the irksome labour of ex- 
amining with patient energy and andiminished interest. 

Many months followed of almost constant pain. Whenever 
an interval of tolerable ease occurred, he continued to interest 
himself in the pursuits to which he had been so long devoted ; 
he went on with the work on geometry, and, but a little while 
before his death, commenced a paper on the analogy of diffe- 
rential equations and those in finite differences. This analogy 
it is known that he had developed to a great length ; unfor- 
tunately, only a portion of his views on the subject can now 
be ascertained. 

At length, on the 23d February 1844, after sufferings, on 
which, notwithstanding the admirable patience with which 
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they were borne, it would be painful to dwell, bis illnesa ter- 
minated in death. He had been For a short time aware that 
the end was at hand, and, with an unclouded mind, he pre- 
pared himself caJmly and humbly for the great change ; re- 
ceiving and giving comfort and support from the thankfal hope 
that the close of his suffering life here, was to be the begiiming 
of an endless existence of rest and happiness in another world. 
He retained to tlie last, when he knew that his own connection 
with earthly things was soon to eease, the nnselfish interest 
which he had ever feltin the pursuits and happiness of those 
he loved. 

A few words may be allowed about -a character where rare 
and sterling qualities were combined. His upright, sincere, 
ajid honourable nature' secured to him general respect. By 
his intimate friends, he was admired for the extent and va- 
riety of his information, always communicated readily, but 
without a thought of display, — for his refinement and delicacy 
of taste and feeling, — ^for his conversational powers and play- 
iiil wit ; and he was beloved by them for his generous, amiable 
disposition, his active and disinterested kindness, and steady 
Section. And in this manner his high-toned character ac- 
quired a moral influence over his contempor^ies and juniors, 
in a degree remarkable in one so early removed. 

To this brief history, little more is to be added ; for though 
it is impossible not to indulge in speculations as to all that 
Mr Gregory mi^t have done in the cause of science and for 
his own reputation, had his life been prolonged, yet such 
speculations are necessarily too vague to find a place here ; 
and even were it not so, it would perhaps be unwise to enter 
wi a subject so full of sources of unavailing regret. 



Sixth Letter on Glaciers. Addressed to the Bight. Hon, 
Earl Cathcart. 

(Communicated by ProfegBor FOTbe«.) 

Roue, Feb. 5. 1844. 
My Lord, — In a letter which I addressed to you on the 
29th ult., I gave some account of the few new observations 
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whiclL ontoward oiromnstancea permitted me to make, last 
autumn, upon the glaciers of Switzerland and Savoy. I have, 
however, had leisare to reflect maturely upon the theory of 
glaciera, which I have been occupied for two years in endea- 
vouring to mature ; and, without pretending to find in it a 
complete solution of every problem which might be proposed 
respecting these wonderful bodies, I am perfectly satisfied that 
it is fundamentally conformable to the laws by which they are 
governed. Some new analogies, to which your Lordship has 
referred in your last letter, such as that between glaciers aod 
lava streams, may serve to render the subject more popu- 
larly intelligible ; uid in expluning tiiem, I may have an 
opportunity of removing, in some degree, the difficulties which 
have arisen in the minds of candid and intelligent persons, 
who have studied this ^theory for the first time — difficulties 
which would probably disappear of themselves by a more pro- 
longed attention. 

I have not had the advantage of seeing the eruptkok of 
Etna, to which your Lordship alludes, which was indeed over 
before I arrived at Naples, and of which I did not ev«a hear 
for a ccmuderable time afler ; so small is the sensation which 
fluch events excite in the country. I have, however, hod an 
opportunity — probably not less faTOfira))le, though far less 
impoang — of studying the mechanism of phistic lava, in the 
small currents which, during the months of November and 
December, were very freqaently flowing from mouths fvithin 
the crater of Vesuvius. On the 30th November, in particular, 
I descended to the bottom of the crater, in order to esamine 
a current of very liquid lava, fifteen or twenty feet wide, which 
issued from a cavity near tJte foot of the sm^ cone which 
occupied the centre of the crater, and from whoso top (in the 
ahape of an inverted funnel, or of a blast furnace) there issued 
smoke and flames,* oocasionally accompanied by a discharge 

* I am able to add my distinct teetimoay to that of M. Pilla, as to 
fte emiaaion of jtmiMa by ttie crater of VeanviuB. I spent part of the 
«veDiiig of the Ist JaDuary on the top, and had not the least doubt that 
wliat I ioMt were actual flames, which iiiued from time to time from the 
oiiSces of the small cone, and which were of a pale colour, often inclin- 
ing to blue. 
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of volcanic projectilea. The lava issued in a very steady rapid 
fltream, and spread itself over a gentle declivity with a velo- 
city of not less, 1 think, than a foot per seoond. 

Admitting the plastic or viscous theory of glaciers, the 
resemblance to lava falls (1.), In respect of the great liqoidity 
of the lava near its source ; (2.), From its very unequal rate of 
consolidation ; a crust being very soon formed upon the sur- 
face, which becoming more and more massive, the principle of 
fluidity is not uoifonnly distributed throughout the mass, as 
in the glacier, but a tolerably perfect fluid struggles with the 
increasing load of its ponderous crust, which it tears and rends 
by the mighty energy of hydrostatic pressure ; and here and 
there finding a &eer exit far removed from its source, tosses 
high those mighty Augments of the stony arch which confined 
it into tho wild shapes which strike the eye in crossing the 
wastes of a lava stream, and which seem at first incompatible 
with the fluid or semifluid principle of motion. This second 
ciroomstanoe, then, — the very nuequal and rapid superficial 
consolidation of tho lava near its source, — has no analogy in a 
glacier, oor even in a river, \mles8 when breaking up a pon- 
deroos crust of ice after a sadden thaw. The regulated pro- 
gression of the glacier, swiftest in its centre, and with a gra- 
duated retardation towards the sides, has a much more precise 
analogy to that of a river than the lava stream has, which 
is subdivided (when it has any considerable breadth) into many 
little ourreots, each rolling past, and being retarded by its 
more alugg^sh or idready consoUdated n^ghbour ; so that its 
surface resembles that of the bed of many torrents in the 
Alps, where the more sohd matters, the rocks, stones, gravel, 
sand, and clay, trace out the form of a sluggish mass propelled 
downwards by gravity, whilst its surface is seamed by the 
trickling of innumerable rills of water, charged with the more 
portable materials which have been washed down, or squeezed 
from the general mass. 

There are other circumstances, however, in which the ana- 
logy of the glacier with the lava stream is more complete ; 
and of these I shall observe — 

1. That the cracks of the dark-coloured slag on the snrface 
of the liquid lava, as it spreads itself abroad, on issuing frcHn 
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the fiery mouth, are radiated exactly as those of a glacier 
under similar circumataooes, and which I have represented in 
the margin as I saw them on Vesuvius, the lines of fissure 




Fliinni In tbe Cnut ef Litb dariui CrjitkUlutloo. 

being marked by the liquid fire shiiung through. A perfect 
analogy here exists with the phenomena of radiating fissures 
in ice, which I first described in the glacier of the Rhone, and 
afterwards in the ice of the Gl. du Talefre, where it joins the 
Gl, do Lechaud, in the Gl. of Aroll^ and very many other 
instances. 

II. That the slags, where solidified, presented ttria or 
ripple-marks along their surface, parallel to the direction o! 
the " ribboned structure" of glacier ice, t. e., inclining slightly 
£rom the sides towards the centre of the current, in the direc- 
tion in which the current is moving. These strife, or ripple- 
marks, which have a striking analogy in certain cases of the 
retarded movement of rivers, are carefully to be distinguished, 
on the one hand, fr(»n the cracks or flaws, and, on the other, 
from the direction o/motitat of the fluid particles.* 

III. When, at some (Ustanoe troxa the source, the lava be- 
oame viscid and tenacious, and forced itself, in streamlets of 
a pasty consistence, through the intersdees of its sl^, thence 
it became streaky and drawn out, in the direction last men- 
tioned, as molten glass does in the hands of the workman. 

* A long accldeotsl deby in the priDting of thiB letter enables me to 
fwld, tiiat 1 have found in the lavaa of Etna a yet far more perfect ana- 
logy to the veined Btruoture of gUcien than that deeoribed in the text 
It is, indeed, bo complet^lj' developed as to leave no doubt as to the 
identic of origin. Ang. I8U. 
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IV. But there is a more strikiDg Analogy to the ribboned 
struotnre of glacier ice, to be found in lava currents at a dis- 
tance from their origin, and vbere by any circumstance their 
surface has been broken up, and tbeir internal atnioture ex- 
posed. In the Fossa della Vetrana, for instance, and other 
places, I have found the lava divided into thin layers parallel 
to the interior of the surface of the channel through which it 
flowed, evidently produced by the adhesion or retardation 
which the soil exerted upon its adjoining film oi lava, and the 
successive portions of lava upon one another, in proportion as 
the semiflidd mass, roUing npon its own particles (or rather 
sliding imperfectly over them), produced a solution of con- 
tinaity and a series of shells, parallel in direction to the bed 
npon which the whole rests. The thickness of these shells 
varies from one-third of an inoh upwards. I have never, how- 
ever, observed a structure in the interior of the lava except 
that parallel to the sides and bottom of the canal in which it 
moves ; nothing, in short, corresponding to the frontal dip in 
glaciers. But this is quite natural and conformable to the 
very different constitution of a glacier ; and, in particular, it 
corresponds to the fact so often urged as a difficulty to the 
semifluid theory of glaciers, namely, the want of ductility or 
tenacity of their parts. It is that fragility precisely, which, 
yielding to the hydrostatic pressure of the unfrozen water con- 
tained in the countless capillaries of the glacier, produces tho 
crushing action which shoves the ice over its neighbour par- 
ticles and leaves a bruise, within which the infiltrated water 
finally freezes and forms a blue vein. In the lava, on the other 
hand, where the tenacity is great, the disoontinuity, if pro- 
duced at all, is soldered up by the plasticity of the parts, whose 
small crystalline structure farther tends to obliterate the se- 
paration. The layers just mentioned, parallel to the bed, 
are perhaps produced by the successive adhesion of warmer 
streams of lava to the colder parts already deposited, and, con- 
sequently, their analogy to the glacier structure must not be 
pushed farther than as shewing the directions of the tendency 
to separation of a very viscid stream, powerfully retarded by 
its bed. It is the congealing of the lava which makes its 
adhesion to the sides great enough, and its own fluidity small 
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enough, to bear a compuieon with the far leas ductile body 
of a gl&oier. In the heart of the mass where the same intes- 
tinal motions take place (as I have shewn conolaBiTely by 
using coloured layers of plastic matter in the models formerly 
exhibited to the Royal Society), the displaced particles re- 
unite and consolidate into a homogeneous mass without any 
trace of dislocation.* 

V. The convexity or concavity of a semifluid stream like a 
current of lava or of a glacier, depends entirely upon the re- 
laticms or conditions in which it is placed. \Jpoa the same 
slope, a fluid of one degree of oonsistenoe will run off in a con- 
cave stream, whilst a more viscid one, which must accumulate 
in thickness, in order to overcome the resistance in front (just 
as water which meets a sudden obstade), rises into a convex 
curve. This is perfecU; seen in the case of a substance like 
plaster of Paris, mingled with water, whose consistence may be 
varied at pleasure, and a stream of which may be made either 
concave or convex, or concave at its origin sod convex at ita 
termination, as is the case with a glacier. The evid^tce 
on this subject, afibrded by the models formerly laid before 
the Royal Society, is so complete and condnsive, that, how- 
ever interesting it might be to put into a mathematical form 
the relations of the conatants of the efieot of gravity, the vis- 
cosity of the body, and the retardation of the sides, as affect- 
ing the form of the surface, it is sufiScient for my present pur- 
pose to appeal to facts so femiliar, and experiments so easy, 
thai their evidence may well be preferred to the more casual 
and embarrassed case of lava streams, which, as I have already 
observed, are seldom or never to be regarded, on a great scale, 
as simple moving masses. I may, however, add, that when the 
inclination is small the surface is convex, at a certain distance 
from the origin. 

* The following passage from M. Dnfrenoj'i Account of VesuTiua, ia 
intereetlng, if it were onlyaa recording Ms remark, that the variation of 
velocity in different parts of a stream must produce longitudinal atrira. 
"Lapluport des coul^ea presentent dee handes longitudinales aseez paraJ- 
leles entre elles ; cee larges stri^B Kaillantcs sur la sni-bce Bont lea tracei 
du mouTement de la lave qui ne s'avance pas d'une seule piece, mais 
par handes parall^les." Sur les Environs de Naples, p. 324. 
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VI. There is a ciroumstance attendant on the motion of 
lava streams, which has struck several geolf^ists, before the 
visooua theory of glaciers had been proposed — I meEui the ex- 
istence of moraineg. The morajnes of lava are best seen in 
the more defined and united lava streams on rather a small 
scale, — those, in short, which have the \aaij and character of 
a proper stream, moving at onoe in its variooa parts. The 
moraine is composed of stranded masses of lava orust, thrown 
aside by the liquid fiery stream, and partly, perhaps, of the 
yielding matter of the bed of the stream pressed outwards and 
upwards by the hydrostatic preBsnre of the centre. The for- 
mer is chiefly, perhaps, the case when streams of tolerably 
fluid lava Sow down a steep inclination, as on the exterior of 
the cone of Vesuvius ; the latter, when the inclination is small 
and the weight of accumulated lava great. The igneous mo- 
raines, thoagh noticed by various geologists, are most em- 
phatically described by M. die de Beaumont, in bis masterly 
memoir on Etna, in the following words ; — " Une des oircon- 
stances qae les coulees de lave pr^sent^it le plus invariable- 
ment toutes les fois qu'elles ont parcoum des talus oil elles 
pouvuent aoqu^rir une certaine vitesae, caract^res que j^ai ob- 
serves sur toutes sortee de pontes depuis 33° jusqu'^ 2° et que 
je n'ai cess^ d'obeerver que \k oii les coul6es ae sont arr^t^es 
faute de pente, oonsiste en ce qae chaqae coul^ est flanqute 
de part et d'autre par une digue de scoriea accumul^es qui 
rappelle par sa forme la moraine d' nn gUoier ; digue qui s'el^ve 
coQstamment & une hauteur sup^rieure & oelle El laquelle la coul^o 
est reduite & la fin du monvement, et qui marque le maximum 
de hauteur qu'elle a atteint dans le moment de son plus grand 
gonflement. Souvent aussi les coulees pr^sentent de pareiiles 
digues vers lenr mtlleu, lorsqn'elles sont partag^s en plusieura 
courants distincts ooulant Vmx & o6te de Tautre."* 

YII. The termination of a lava stream on a level or slightly 
inclined surfeoe due to its increasing viscidity, presents ap- 
pearances almost identical with those of a glacier. The same 
protuberant convexity of surface, the same steeply-inclined 
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Aiea and front, and nearly the same ground-plan, all beapeak 
a similarity in the oiroumetances of motion. I may add, that 
in some experiments which I made some years ago upon tiie 
flowing of melted iron in narrow channels, and upon smaJl 
elopes, with a view to illustrate some phenomena of lava 
streams, before I had commenced a particular study of gla- 
ciere, I arrived at similar results, and obtained the same ooa- 
vexity of surface which is produced in the plaster models be- 
fore cited. 

It is very interestbg to observe how many istelHgent per- 
sons have been struck with the similarity between glaoiers and 
lava streams, without, however, pushing the parallel beyond 
a general resembUnce. M. Elie de Beaumont, we have seen,, 
speaks of the moraines of volcanoes ; but in various parts of 
his writings, as well as those of his colleague M. Dufrenoy, we 
find the mention of glaciers as continually suggested to his 
mind when surveying the wastes of Etna and Vesuvius, One 
of these passages is the following : " L'ecorce superieure d'ane 
coulee separ^e de l'ecorce inferieure et du sol sousjacent pav 
nne certaine epaisseur de lave liquide on du moins visqueuse, 
se trouve dans un £tat comparable & celui d'un glacier, qui, 
ne pouvant adherer au sol sousjacent & cause de la fusion 
continuelle de sa couche inftrieure, se trouve contraiat & 
glisser;"* shewing that the author then adopted the theory 
of Saussure (since ably defended by Mr Hopkins), in which the 
fusion of the ice by the heat of the earth, might be said, in 
some sense, to float down the superincumbent solid ; an opinion 
best controverted by the fact which M. E. da Beaumont has 
since clearly brought into notice, that under existing circum- 
stances such fusion is perfectly iuEugnificant'-t 

The writer of a popular Italian guide-book, Mrs Starke, is 
perhaps one of the first who indicated the striking general 
resemblance of a stream of lava to a glacier. She describes 
the former (which she saw during a small eruption of Vesuvius) 
as "rolling, wave after wave, slowly down the mountain mth 

* Reoherches sur I'Etna, p. 177. 

t AnnaleB dei Sciences O^oIo^queB par Riviiie. 
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the eaine noise, {\) and in the same manner, as the melting 
glaciers roll into the valley of Chamouni; indeed, this awful 
and extraordinary scene would have brought to mind the base 
of the Montanvert, had it not been for the crimson glare and 
excessive heat of the surrounding scorise."* 

Mr Auldjo, the author of a Narrative of an Asicent of Mount 
Blanc, and therefore acquainted with the appearance of gla- 
ciers, has renewed Mrs Starke's comparison in very similar ex- 
pressions, in a work more recently published upon Mount 
Vesuvius. Captain Sasil Hall has, if 1 mistake not, in more 
than one part of his writings suggested the picturesque ana- 
logy of volramoea and icy mountains, the cradle of glaciers. 

We have seen how far there is a real analogy between the 
mechanism of these two terrible seourges of Alnughty power 
— the ice-flood and the fire-flood, both of which invade the 
homes and the labours of man, with a force alike irresistible- 
But to render the analogy more than apparent or poetical, i*^ 
was required that several difficulties, very obvious, and seem- 
ingly insuperable, should be removed ; and the chief of these 
was the texture of ice compared to the texture of lava — the 
former passing from a brittle solid into limpid fluid by heat, 
the latter passing like sealing-wax through every intermediate 
degree of viscidity. This difQculty could only bo met by an 
exact determination of the question — Of how far a glacier is 
to be regarded as a plastic mass 1 Were a glacier composed 
of a solid crystalline cake of ice, fitted or moulded to the 
mountain bed which it occupies, like a lake tranquilly frozen, 
it would seem impossible to admit such a flexibility or yielding 
of parts as should permit any comparison to a fluid or semi- 
fluid body, transmitting pressure horizontally, and whose parts 
might change their mutual position, so that one part should 
be pushed out whilst another rem^ed behind. But we know, 
in point of fact, that a glacier is a body very difl'erently con- 
stituted. It is clearly proved by the experiments of Agassiz 
and others, that the glacier is not a mass of ice, but of ice and 

* Starke's Travels. French edit, p. 311. 
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water ; the latter peroolatjng treely throngli the crerices of 
Uie former, to all depths of the glacier ; and aa it k matt^' tX 
ocular demoDstratioD that these crevices, though rery mioote, 
communicate freely with one another to great distances, the 
water with which they are filled commnnioatea ibroe also to 
great distances, and exercises a tremendous hydrostatic pres- 
sore to move onwards in the direction in which gravity m^w 
it, the vast, porous, crackling mass of seemin^y rigid ioe, in 
which it is, as it were, bound up. 

But farther than this, the experiments first announced in 
the earliest of these letters, shewed, that whatever be the cod- 
stitotion of a glacier, and whatever be the coose of its motion, 
THE FACT 18, that it does not move like a solid body sliding 
down a bed or channel, but that the velocity of each part of 
its breadth is difi^rent. It was demonstrated by the most 
clear and plain geometrical measurements, that whilst the 
centre of a glacier moves 500 feet, the side of the g^ier moves 
only 300 ; conseqnenUy, the portions of ice which started to* 
ge^er soon part company, and the central molecule has com- 
pleted its course, or arrived in the lower valley, whilst the 
other, which was its companion, has advanced only three-fifths 



/ 
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of the distance, or remains perhaps several miles behind. 
Thos it has been shewn from multiplied measurements of the 
most precise and accordant kind, that a series of stones or 
marks being supposed to be laid across a glacier in the line 
ABCDEFG ; they will be fomid, after a certain time, in the 
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position abedefg, after other equal interrola at dVt^d^f^, and 
at d'Vii'dl'trf"^', by which time it will be Been that the neigh- 
bour partiolee have entirely changed their relative pOBitions, 
and that the mass con have no pretension to be called rigid, 
bat moulds itself after the manner that a fluid or semifluid 
body doea in like oircumstanoes, the centre advancing fastest, 
and, for some space in the centre, nearly uniformly, whilst the 
retardation produced by the friction of the banks is most in- 
tense in their neighbourhood ; which is conformable to what 
we know of the movement of viscous fluids. It is, therefore, 
no hypothesie, but a simple statement of a demonstrated fact, 
that tie manner of movement of ike mrface of a glacier is not 
tuck a» i» cotmatent toith the continuity of a rigid body, but 
that it coincides toith the manner of motion of a viscous oraemi- 
fiuid body. Whatever may be the difficulty of conceiving the 
Racier to be a body thus constituted, the fact admits of no 
doubt ; — the effects of forces applied on a great scale to bodies, 
are the best and only conclusive proofs of their real constjta- 
tion, and worth all molecular theories and minute experiments 
put t<>getber. 

If a body be really of a paety consistence, ductile and plas- 
tic like lava or tar, such transpositions taking place in the 
interior of the mass are effected without any injury to the 
texture or continuity of the substanoe. With a degree less 
of plasticity, a violent separation of the parts may take place, 
but they will, by juxtaposition, soon reunite and take a new 
«/. With a degree more of rigidity, there must be a per- 
manent bruising and rending of the parts, in order that a 
eemi-rigid body may assimilate all in its movements to a 
fluid. It must, therefore, be considered as entirely confirma- 
tory and explanatory of the preceding statements of the seem- 
ing plasticity of a body so fragile in its elements as pure ice, 
that the ice of glaciers is found rent in many parts by the 
forces tending to dislooation, and that, beddes, it contains 
within itself a testimony to the internal partial movements by 
which its total motion is effected, in the veined structure al- 
ready alluded to, occasioned by the varying velocity of the 
adjacent icy strips K a ti <^, B bV b", &c. This structure 
ie not exactly pankUel to the direction of motion of the ice, 
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for reamna which I have elsewhere stated, but which need' 
not now be adverted to. My present object is to shew, that 
the rigidity of ice, as a physical fact, cannot oontradict the 
matbematical evidence of the manner in which glaciers do 
move, and that the seeming contradiction is reconciled by 
shewing, that the ice bears permanent traces of Uie violent 
strain to which it is subjected, and of the actual bruising and 
disseverment of its parts, producing a phenomenon otherwise 
impossible to be explained. 

I believe that it is during the progress of the glacier thos 
subjected to a new and peculiar set of forces depending upon 
gravity, and which remodel its internal constitution, by sub- 
stituting bard blue ice, in the form of veins, for its previons 
snowy texture, that the horizontal stratification observed in 
the higher part of the glacier or tKve, is gradually obliter- 
ated. 

If, as we cannot doubt, the slower motion of the glacier 
near its sides be owing to the retardation which their exces- 
sive Motion occasions, there must necessarily be a retardation 
at the bottom in a similar manner, and the surface of the 
glacier will move faster than the strata in contact with the 
ground ; to which it is even supposable, that, in some caaes, 
they may be entirely frozen. This retardation may, perhaps, 
be less than the lateral retardation, because the slope of the 
valley in which the glacier lies is probably more even, gene^ 
rally speaking, than its breadth is regular. In fact, so great 
is the irregularity of the ground-plan of any compound valley, 
— so frequent the interfering ridges or promontories, the bays 
formed by adjoiaiag tributary valleys, — and so numerous the 
gorges or contractions, — that we cannot so properly call the 
lateral resistance to the onward motion of a glacier, friction, 
but rather a direct opposition to the exit of a solid body, 
which renders its plasticity absolutely essential to its progres- 
sion. Nevertheless, the inferior slope of the glacier bed being 
also irregular, and its friction great, must cause a retardation 
in the lower strata of ice, which must be continually over- 
taken by the superior ones : and this appears to me to be so 
plain and necessary a consequence of the combination of facts 
which we have to consider, that perhaps the direct proof of it 
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would not repay the labour which it would inTolve, which 
would be of the moet serious kind ; — ^for we must not expect 
to find the difference of velocity apparent in the superficial 
strata, even to a considerable depth, since we know that the 
retardation is a maximum near the sides and bottom, and that, 
for the same reason, the motion of all the central part of a 
glacier is nearly uniform, so will the motion of all the part of 
the ice near the surface be nearly uniform. 

These considerations suggest the explanation of a difficulty, 
kindly suggested to me by a most competent judge, who ex- 
pressed himself at the same time persuaded of the truth of 
the vbcous theory of glaciers. " How comes it, that, if the 
motion of the different parts of a glacier diminishes from the 
surface to the bottom, the ' trou de sonde' or bore, 140 feet 
deep, made by M. Agassiz in the glacier of the Aar, is stated 
to have remained vertical for a period of many weeks?" In 
the first place, the fad of the verticality requires confirma< 
tion ; for it is difficult to understand how, by means of a plum- 
met, a hole 140 feet deep, and only 3 or 4 inches in diameter, 
could have its verticality tested. Such boros, so far as I 
have seen them, are more or less twisted, owing to the softness 
of the material, and the method of working ; and it seems 
beyond all probability, that a hole of such a depth construct- 
ed in the ordinary way, should be either mathematically 
straight or vertical. I apprehend that the verticality alluded 
to by M. Agassiz, or his coadjutors, is merely that of popular 
language, indicated by the boring rods standing vertically 
outwards when plunged into the hole, which, on account of 
their flexibility, would not be an indication of the verticality 
of more than the upper twenty or thirty feet of the bore at the 
most.* 

• Since ^is passage wa* written, I have had an opportunity of refer- 
ring to the description of the eiperiments of Agaaaiz in the Bibliothiqae 
UnivirttUe ; and I find that there is no eTidenoe whatever of the con- 
tinued Terticftlity of the bore of 140 feet, which existed (to that depth), 
I believe, but a few days : the observatioas of continued Terticality, 
such as they are, applied to small bores only, not exceeding 25 or 30 feet, 
which, of course, greatly increases the force of the reasoning in the text. 
Aug. 1844. 
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Bnt, even setting aside this important consideration, the 
principle of the variation of velocity being chiefly confined to 
the neighbourhood of the sides and bottom, and the compara- 
tively quiescent and passive state of the central and supei> 
ficial part, seem eufiSoient to explain the facts within the rea- 
Bonable limits of error. The depth of 140 feet appears, from 
M. Agas«z*B own observations, not to exceed ohe SIXTH, at 
most, of the depth of the glacier of the Aw? in that part. 
Now, let ABC, &o., represent points in the vertical section 
of the glacier ; then, from all that we know of the snperficial 
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motion of glaciers, or of the parallel case of rivers whose 
Velocity has been ascertained at different depths, the veloci- 
ties will vary in some such manner as A a, B 6, C c, &c., — the 
variation being scarcely sensible at first, and very rapid at 
the bottom, where the velocity may even be zero, if the curve 
be prolonged to the point h. But, supposing G to be the 
bottom of the ghcier, it will be seen how insignificant may be 
expected to be the variation of velocity between A, the sur- 
face, and B, one-sixth of the depth, during the short period of 
a few weeks, or even months. I have the honour to be, &c. 

Seventh Letter on Glaciers. — On the Veined Structure of the 
lee. Addressed to the Rev. Dr Whewell. Master of 
Trinity College, Cambridge. By Professor Forbes. 

SA1.BBH0, 16^18. ISM. 

you object that the shells produced by the rupture of the 
parts of the ice caused by excessive friction, should be all 
parallel to the sides and bottom of the trough of the glacier, 
instead of being inclined from the sides inwards and forwards 
towards the centre, as in Fig. 1, 
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and from the bottom npwards and forwards, as in Fig. 2. 
Yon will find that I have endeavoured to explain this in the 
last chapter of my book of Travels ; bnt not having it by me, 
I cannot refer you to the particular passages. The point in 
question is imdoubtedly tho least obvious and most difficult 
part of the theory ; but as I have no doubt of its exactness, it 
will have a proportionate weight in deciding in its favour the 
opinion of persons accustomed to mechanical theories. It 
would be difficult to bring it home to the apprehension of 
ordinary readers ; and, for this reason, I have dwelt upon it, 
perhaps, too shortly in the chapter alluded to. 

You vrill readily admit, that if I shall demonstrate separate 
reasons for the existence of each of the structures figured 
above, (the first a plan, the second a section), the result will 
he the spoon-shaped structure which I have shewn to exist in 
glaciers. 

(1.) The tearing asunder of the particles of the glacier, 
owing to the friction of the sides is, nearly, but not guile, pa- 
rallel to the sides ; for this reason, that the lines of greatest 
strjun are determined, not merely by the force of gravitation 
which urges the particles forwards, but there is a dr{^ to- 
wards the centre of the stream, in consequence of the greater 
velocity there. 

Let A B be the side of 
^ ' the glacier, whibt the par- 

'^■■— -,.^ tide a moves to a', the cen- 

tral particle 6 moves to I/, 
which, ovring to the cohe- 
sive bond between a and b 
must produce a strain ob- 
lique to the axis of the 
glacier. 
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Or view the matter thus — the movement of the ice stream 
(considered just now solely as respects its surface), is effected 
against a varying resistance. The line of particles in the 
direction a a presents a greater force of opposition to the 
movement of the particle a, than the line of particles i^ pre- 
senta to the movement of b. This is owing to the lateral 
friction acting more powerfully in retarding the first than the 
second ; consequently the v>>;ua/wall of the glacier, or plane 
of complete resistance, will be no longer A B, but inclined 
(for the particle a) in the direction A' £'. 

If this reasoning require support from experiment, it is 
easily had. 1 have described, in a foot note to my last chapter, 
the experiment of dusting powder upon a moving viscous 
stream ; and our friend Heath has now a specimen of the 
result, shewing the lines of separation in the direction I have 
stated. The same is remarkably shewn in the case of a stream 
of water ; for instance, a mill-race. Although the movement 
of the water, as shewn by floating bodies, is exceedingly nearly 
(for small velocities, sensibly) parallel to the sides ; yet the 
variation of speed from the side to the centre of the stream 
occasions a ripple or molecular discontinuity, which inclines 
forward from the sides to the centre of the stream at an angle 
with the asis, depending on the ratio of the central and lateral 
velocities. The veined structure of the ice corresponds to 
the ripple of the water, a molecular discontinuity whose mea- 
sore is not comparable to the actual velocity of the ice ; and, 
therefore, the general movement of the glacier, as indicated 
by the moraines, remains sensibly parallel to the sides.* 

(2.) If I have explained myself distinctly as respects the 
fissures produced by lateral friction, there will be little diffi- 
culty in applying the same reasoning to the resistance of the 
frontal dip, exhibited in the second figure of this letter. When 
a fluid, or semi-fluid, is very viscous, there is a great resistance 
to its onward motion in the direction which gravity and the 



* have latelj identified complete]; the planes of separation in the 
hiva streams of Etna, which correBpond perfecttj to those of the glacier, 
being nearlj vertical at the ^ides, and directed slightly tonraids the 
centre of the stream. 
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tall of the bed prescribes. Let L M be the surface, N O 
the bed of a glacier ; then the resolved force is usually coo- 




sidered as acUcg od the particles m n, in the directions m ni, 
nn', parallel to the bed. But if we reflect that, owing to the 
length of the glacier, and the toughness or consistency in its 
mass, the resistance of the line of particles nti is enormous, 
the plane of complete resistance N O will virtually be twisted 
in the direction N' Ql, and the particle tends to be tbrust/t)**- 
warde and upmards, which will eridentty produce the Irontal 
dip. 

(3.) But there is a peculiarity in the vertical plane which 
did not exist in the horizontal one. In the case we first con- 
sidered, the veined structure exists almost entirely in the 
neighbourhood of the sides of the glacier, and is lost towards 
its centre, being due to the influence of friction, which varies 
with the distance from the side; the central part, efgh 
(Pig. 1.), moving nearly uniformly, would cease to exhibit a 
linear arrangement. The completion of the curve is due to 
the influence of the curvilinear bottom, combined with the 
opposing mass of the glacier in front ; and this influence will 
extend to the very surface, as a little consideration will shew. 
For, resuming the construction of Fig. 4, since a vertical series 
of particles, m j • -in^ (Fig. 5) are supposed to be acted on by a 
force partaking of the nature of hydrostatic pressure, derived 
from a great elevation, each particle is ready to move onward 
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in the directton in which the efiective pressure ia greatest ; and 
it is plain, that, owing to the 
diminishing rehition between 
the weight of the saperincom- 
bent particles and the frontal 
reastance, the direction in 
which the particles will tend 
to slide over one another, or 
to produce rents, will ap- 
proach Tcrticality at the sur- 
face, and on the whole will, 
therefore, tend to produce 
lines of discontinuity, such as 
NM. 
(4.) Considering the glacier at different points of its length. 




""^^^^^^^^ 




it is evident, by similar reasoning, that near the reg^n of 
the nev^ a the frontal dip will be all but vertical, because 
there the horizontal resistance is enormous ; whilst at the 
lower end b, where it tends to vanish, the shells will tend to 
parallelism with the bed. It is needless to add, Hiat the 
relative movements of the particles over one another, prodo- 
<ung discontinuity, are not to he confounded with their abso- 
lute motions in ^e glacier, exactly as under head (1.) I must 
however, observe, that as the tendency of any particle due to 
the hydrostatic pressure will be to describe ultimately the 
whole curve N m^ M within the glacier, thb may account 
for some of the facts, or supposed facts, which indicate a ten- 
dency in the ice to expel bodies engaged in it, as well as the 
convexity of the glacier at all times, and its remarkable rise 
of surface during winter. 

Laatlt/, The ablation of the surface of the glacier during its 
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descent from o to A, (Pig. 6.) will tend continually to giTe the 
observed elongated forms of the auperficial bands, hy cutting 
the shells of stnictnre obliquely. 

I remain, my Dear Sir, yours sincerely, 

Jauss D. Fobbes. 
To the Bar. Dr Wobwbil. 



On the Ancient Peruvians. By Dr J. J. de TscHrni.* 

Comniimiciiteil bj the Etbnoli^iad Societj. 

During a stay of five years in Peru, spent for the most part 
in the interior of that remarkable country, I devoted as much 
of my time as I oould spare from my studies in Natural His- 
tory to the investigation of the condition, past and present, of 
the aboriginal inhabitants. In the course of these researches 
I collected many facts connected with their history and man- 
ners. I have thoroughly examined more than eighty mins of 
Indian villages, with, perhaps, half that number of tombs. I 
have seen and described many of their relics, and have brought 
to Europe ten mnmnues of different ^es and sexes (six others 
are still expected) ; and more than thirty skulls of Indians are 
lying before me, the most beautiful collection that has ever 
been obtained from that part of America. 

I shall, probably, at some other time have the pleasure of 
bringing before the Ethnological Society my researches on the 
great migrations of the nations of the northern division of the 
New Worid, together with my views on the different tiibes and 
races : for the present I shall communicate a few general re- 
mfurks only. 

The greater part of the old Indian villages in the Sierras of 
Peru, are situated on steril heights, conical turreted hills, 
summits of mountains or narrow ridges, and on an eastern 
exposure. The choice of this latter situation was determined 
by their religion. It was, in fact, natural that the Indians, 
who considered their kings to be the ofEgpring of the sun, which 
they adored as their primary divinity, should have chosen, for 
the sit«s of their towns and villages, positions from which they 



* Read before the Society, IBU. 
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conld see and adore the god at his first t^pearanc« abore the 
horizon. To this practice, which in some provinces was very 
rigidly followed, they fioorificed much of their comfort, as ihey 
were not only exposed to violent and ioy winds, bat also found 
thenuelves on points totally deprived of water, which, in some 
cases, had therefore to be brought from a distance of two or 
three miles. This explains why we find in certain roius of 
Indian villages, especially such as are Ntuated at a distance from 
springs or brooks, so great a number of water-pots of all sizes, 
forms, and materials. In these pots the indispensable fluid 
was fetched from a distance on the backs of Llamas. I found 
the same custom still subsisting among the Indians. 

In all large villages, where the ground permitted, a great 
central square was formed, from which very regular streets 
frequently branched off in all directions. The structure of 
the houses is extremely varied. Close to the largest palaces, 
having from twenty to twenty-five windows in front, are the 
smallest, narrowest, and poorest oottages. Stones and cement 
are almost everywhere the usual building material ; but near 
the coast, on the western side of the Cordilleras, larger edi- 
fices of bricks are found, and called by the Indians Tioacuna. 
In the districts of Tuain and Ayacucho, I have seen lai^ 
villages consisting of tower-like buildings of a very peculiar 
structure. Every bouse is round or quadrangular, the inner 
diameter being about 6 feet. The walls are from 18 inches 
to 2 feet thick, and the height of the whole building seldom 
exceeds 20 feet. The entrance opens towards the east or the 
south, and is, at the utmost, 2 feet high. Having crawled in, 
we find ourselves in a space of about 6 feet across, and of 
equal height. The walls are rude and bare, but in them are 
deep holes, which must once have served as cupboards, as we 
still find in them very frequently maize, com, small pots, &a. 
No window enlightens the space. The roofs of these rooms 
consist of several horizontal immured flagstones, which, in the 
middle, do not touch each other, but leave an open space 
about one foot and a half broad. By this opening we may 
ascend, and arrive, not without difficulty, at the second story, 
which is built in the same manner, but has generally some 
openings instead of windows. The roof is the same as the 
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lower ooe, and through it we come to the upper story, the 
roof of which forms that of the whole house, and consists of 
very soHd masonry. The upper story is generally lower than 
the other, and probably served aa a store-room. I onee, how- 
ever, found in it the well-preserved mummy of a child. The 
&mQy lived on the ground-floor. We can distinguish very 
clearly the place where they used to cook. The one imme- 
diately above was the sleeping-room ; a great flagstone is often 
found in it, which served to cover the opening. The old Indian 
fortification Hinckay is of entirely similar structure, though 
on a grander scale. I have felt very comfortable in these small 
and narrow dwellings ; they frequently protected me for hours 
from violent rain, after I had expelled a fox or a zorillo from 
them. 

I have often found in these houses the best preserved mum- 
mies and other antiquities. Only a small part of the dead 
were buried in tombs of masonry, in the so-called Huaca, or 
more correctly Aya-huaci (Dead house). Near the coast the 
bodies were laid, many together, in certain places in the sand ; 
in the mountains, however, in caves, in Assures of the rocks, 
or in their own houses. When the last was the case, I ob- 
served the following arrangement. Immediately below the 
surface, and only covered with a thin stratum of earth, the 
bodies are placed, more or less preserved, mostly, but not 
always, in a sitting posture. The head, in this case, is sup- 
ported by the hands, the elbows by the thighs, and all the 
fingers of each hand are tied together with a string, which, 
running across the neck, connects both bands. 

If we remove the bodies and clear away the second stratum 
of earth, we arrive at the domestic implements of the Indians, 
cookbg and water-pots of clay, calabayos, huallcas, imple- 
ments of war and hunting. Below this stratum there followed 
the third and last, which contain the gods ; they are mostly 
made of clay, but sometimes also of silver and gold ; such 
idols have been found in different places, which contained from 
twenty-five to thirty pounds of the finest gold. 

On the eastern side of the Cordilleras, large huacaa are 
very scarce ; but they are frequently met with in the coast 
districts of Peru. The mummies deposited in the fissures of 
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rooks cannot often be removed without extraorditmry diffi- 
culty ; and it appears inoomprebensible how the dead bodies, 
with all theu: mnsolea attached, oould be forced into them. 
Most cnrionB groups of mummies are found, which strongly 
ex(»te onr cnrioeity. One of the most interesting was dis- 
covered in the fortification Huiokay mentioned above: — A 
woman in the act of delivery, in a sitting posture, presses with 
her knees forcibly against the baok of a man, who is squatting 
before her, and keeps hold of his shoulders with her hands 
spasmodically contracted ; the head of the child is already 
bom, but the truok and extremities are still in the geuitation 
of the mother. I intended to have sent this peculiar group to 
Europe, but ia my absence it was destroyed by the brutality 
of a European. I found another group in which a child kept 
firmly hold of the nipple of the mother. Together with the 
mummies arc frequently discovered skulls and skeletons of 
animalS) especially of the mammiferous genera, canis,* felis 
(Felis onca« and concolor), lutra, mephitis, lagidium, anchenia ; 
of birds, condors, owls, ramphastidse, prjttacite. With the 
mummiea of children, which I dug out in the Palace of Tar- 
motambo, I found the specimens of a species of Arara, not 
natives of Fern, but only of the northern parts of South 
America. Of reptiles, the tortoise is the only one which was 
bnried with the dead. I have never observed any remains 
either of Saurians or Ophidians. 

Begarding the skulls, I will here only mention one very sin- 
gular peculiarity. In the children of that part of the primi- 
tive inhabitants of Western South America, who were dis- 
tinguished by a flattened occiput, a bone is found between 
the two parietal bones, below the lambdoidal suture, separating 
the latter from the inferior margin of the sqnamous part of 
the occiput. This bone is of a triangular shape — its upper 
angle Ues between the osaa parietalia, and its horizontal dia- 
meter is twice that of its vertical. It coalesces at very diffe- 
rent periods with the occipital bones, sometimes in the first 
month aft«r birth, and sometimes not until after six or seven 

* I hope to shew in the second nnmber of my Fauna FeruTiano, that 
the dog, Cania ^miliaria, was indigenous to Pern, andnotintrodneed bj 
the Spauiatda. 
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years. Id one ekuU belongiog to a child aboat seven years 
old, with a very Hat occiput, thig line is separated by the most 
perfect suture from the squamous part of the oooiput, and is 
4 inches broad and 2 inches high. In a more advauoed age, 
it probably complet-el; integrates with the rest of the skull. 
I have, however, perceived it in all the akulla of this class 
which I have examined. On a close scrutiny, we generally 
find traces of ib in the linea semicireularis superior. 

This bone, which, in remembrance of the nation in which it 
is found, I call 0> Incae, corresponds entirely to the Os inter- 
parietalia of the Bodentia and Marsnpiolia. We know that it 
exists in these classes of mammalia through life— that it also 
oceurs in the foetal atat« of several pachydennata, ruminfuitia, 
eamivont, &c. In the ordinary embryos of man, there are 
bu-ely some traces in the first months, which, however, soon 
disappear. I think it, therefore, very curious that we should 
find so retarded a formation in a whole race of men, who have 
exhibited a very inferior degree of the intellectual faculties. 

I have just heard that Mr Bellamy, in a paper oa Peruvian 
Mammies, read before the British Aseooiation on the 3d of 
August 1841, and printed iu the Annals and Magazine of Na- 
tural History, October 1842, has already pointed out this pe- 
culiarity in the osseous structure, and I am much pleased to 
confirm his observations by the examination of more than a 
hundred of snch skulls. 

I may, however, observe, that Mr Belluny certainly did not 
obtiun his mummy from the high pluns of Peru, as in those 
districts there occurs no drift sand strongly impregnated with 
salt. In those plains the mammies are not found in any 
quantity at a short distance below the sur&ce ; and, lastly, 
Captain Banckley, who could obtain any quantity of mummies 
at Arica, or some other seaport town, would certainly not have 
ti^n the trouble of fetching them &om the high plains. Dr 
Bellamy is also too hasty in determining the race of the na- 
tion to which these skulls belonged, espeoially if he ascribe 
them to that nation, which is said to descend from Asiatics, 
who emigrated with Manco Capac. 

I transmit to the Society the drawing of a skull, which I 
dug out of the old Indian fortification Thrickay. It belongs 
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to one of the three typical races of the former inhabitants 
of Pern, and is not to be confounded with those figured by 
D'Orbigny nnder the denomination of Aymara. 

In the hope of throwing some new light on the question in 
dispute between Dr de Tsohudi and Mr Bellamy, Dr King en- 
tered into correspondence with the latter gentleman, which 
drew forth this reply. " In the very rough communication 
which I had the honour of making to the British Aeeociation, 
I confined myself as much as possible to facts, just venturing 
enough, in the way of opinion, to draw on discussion. I am 
delighted that the time is at length arrived, for something 
favourable to science must be the result. My knowledge, 
however, i^ far too limited to permit of my joining in any ar- 
gument that may be advanced ^ all I can do, is to take care 
that no mieetatement is made of what I have made public. 

" It has been, and I fear always vrill be, my misfortune to 
write From my own firedde, for my avocations have, and pro- 
bably ever will, keep me at home. I have little or no geogra- 
phical knowledge of Peru, and of its minute physical charac- 
ters I know less. Dr de Tschudi, I presume, from the bold- 
ness of his assertions, is a traveller, and that he has visited 
the part of the world in question. Hence, doubtless, he is 
correct, when he says that the mummy was not brought from 
the high plains of Pern, for the reasons he gives appear to be 
too forcible to admit of any doubt. We have, in fact, from 
him what looks very much like personal observation, for he 
says, ' in those districts there occurs no drift-sand,' &c. 

" Captain Blanckley, from whom the mummies were pro- 
cured, some little time after they fell under my notice, went 
abroad, and I have in vain several times since endeavoured to 
communicate with him. In my paper I have said, after re- 
gretting my inability to furnish information of a more correct 
character, that he ' stated to me in conversation, that he ex- 
humed them himself from an elevated part of land in the 
mountainous district of Peru, but at a considerable distance 
from the lake Titicaca.* Now, all one can remark upon the 
different statements of the Doctor and Captain Blanckley b 
simply this, that the ' elevated tract of land' of the latter is 
not included geographicaUy in ' the high plains' of the former ; 
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and as Captun Blanckley has added, that the spot where he 
exhumed them is at a considerable distance from the lake 
Titioaca, it ia fair to presume that hie discovery refers to some 
locality nearer the sea ; an opinion which I should consider to 
be correct, aa he was only a casual explorer, not able to ven- 
ture far from the ship of which he had the command. 

" Dr de Tschudi considers that I have boGn ' too hasty in 
determining the race of the nation to which the skull belonged.' 
All I have said upon that question is as follows : — ' This pecu- 
liar race were in all probability the aborigines of the country, 
and it is probable that these mummies may be the relics of 
some of the last of the Titicacans ;' so that it must be observed 
that 1 have not determined — I have but suggested, and the 
question is left entirely open for the more competent to argue. 

" In the last place, Dr de Tschudi alludes to the mixed race, 
recently from the intermixture of the aborigines with the fol- 
lowers of Mauco Capao, as if I had referred the mnmoiies to 
them or their descendants. lu this he has completely mis- 
understood me, as will be apparent from what I have just 
stated, and from this which 1 now quote from my original 
papers : — ' I would suggest that the adult skulls of Titicacans, 
in the Museum of the Royal College of Surgeons, are of this 
kind, the one possessing all the peculiarities of the race in its 
unalloyed form — the true Titicacan ; and the other being of a 
spurious character, resulting from the union of the indigete 
with the settlers of Asiatic origin, the companions of Manco 
Capac of traditionary fame.' " 

The Mongols. By Bayle St John, Esq.* 
(Commanicated bj the Ethnological Societj.) 
The Mongols belong to that vast family of nations which 
inhabits the eastern, central, and perhaps northern, divisions 
of Asia. But they are most intimately connected with the 
Tatars — so intimately, indeed, that it would often be ^difficult 
to distinguish the descriptions given by travellers of the two 

* Read before the Ethnological Societj, 24th Januaty 1844. 
VOL. xxzvii. MO. Lxiiv. — ocTOBEa 1844. r 
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people, wOTe it not for certain diaracteristies whicli ^e Eob- 
JQct state of the one, and the independent condition of tiie 
other, have impressed npon them. Not many centnries ago, 
there appears to have existed so little difference between the 
Tatars and the Mongols, that their names became coavertihlfi 
terms. Car|un furnishes more than one example of Uiis ; and 
he expressly asserts that tJie Yeka, or Great Mongols — the 
Su-Mongols, commonly called Tatars — the Merkats, and the 
Metrits — ^resembled each other so mach in form and langm^, 
that the only division he could perceive was into coontries 
and provinces. Perhaps we ought to consider the word Ta- 
tar as a generic term, and apply it indifferently to all the ia- 
habitants of Central Asia, including the Independent Tatars 
and the Mongols as the principal sub-divisions. The tradi- 
tions of these people represent them as descendants of two 
brothers — according to some old travellers, Gog and Magog ; 
and, indeed, if we base ow views on the opinions of the tribes 
of Central Asia themselves, we must recognise them every 
one as closely related. Isbrants Ides informs us, that all with 
whom be had come in contact seemed anxious to assert their 
community of orig^. It is well known, moreover, that the 
Turks are a branch from the same stock. 

In the present paper, however, I intend to confine myself 
to the Mongols properly so called — ^that is to say, the descend- 
ants of the race which, under the banner of Genghis Kh^ 
and his immediate successors, overran and subdued the 
greater part of Asia, and the north-east of Europe. Accord- 
ing to Rasbid-eddln, the name (which, used as an adjective, 
signifies " valorous," " courageous") was first bestowed on 
the numerous progeny of Alung-goa, mother of Budantzar, 
tenth ancestor of Genghis KMn, about the year 1000. It 
must have been afterwards applied by extension to the sub- 
jects of Budantzar ; for at the birth of his illostrious descend- 
ant, the Mongols were already a powerful people. Subse- 
quently, many tribes of kindred origin assumed the name, in 
order to claim relationship with the conquerors of the thirteenth 
century. 

The Ghera, or felt-tents, of this pastoral people were ori- 
^nally pitched amidst the mountains and forests on the sooth- 
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eastern banks of Lake Baikal, round the moath of the Selinga, 
which, flowing firom the very heart of Mongolia, Geemed to 
tempt them upwards to the land which they afterwards occu- 
pied. They settled also in the islands of the lake ; and 01k- 
hon ie still inhahited by their descendants (the Bnriats), who 
possess fine herds of cattle, cnltivate the ground, which they 
careinlly irrigate by little runnels derived &om their rare 
springs, hunt wolves, bears, and squirrels, and cross over to 
the southern shores of the lake to capture the seal. Previous 
to the promulgation of the Lamaic reli^n among the Mon- 
gols, the waters of Baikal, and the mountainous island I have 
mentioned, seem to have monopolised a considerable portion 
of the veneration of the people of this part of Central Asia. 
OIkhon was, and is indeed still by many, believed to be the 
habitation of a god invested with certain ill-defined attributes 
of terror ; and the lake itself has been endowed with conscious- 
ness and a due sense of its own importance. It will not, it is 
sud, satHuit to receive the contemptuous epithet of Otera, 
" sleeping or sti^ant water," and stickles for the appella- 
tion of Daldi, or " sea." By its very nature, however, it is 
precluded from avenging its dignity on those who insult it 
from the land ; but woe to him who ventures to treat it igno- 
mioiously, wbilstsailing or sliding over its surface .' Tempests 
blow, waves rise, the ice cracks, and the ingratitude of the tra- 
veller is often punished with death 1 An adventurous B,uS3ian 
resolved once to try the temper of the liquid divinity, and, 
when he had reached the centre, poured out a glass of brandy, 
in which he drank the health of the Christians of Europe, 
calling upon the lake, by the opprobrious epithet of Ogera, to 
be his witness. The terrified natives every instant expected 
to hear the first howl of the hurricane, but the weather was 
more than ordinarily serene, and they urged their sledges 
hurriedly towards terra ^rma> wondering at the unusual for- 
bearance of the insulted lake I 

It was in such & situation, and in the midst of such super- 
stitions, that the tribe of Mongols grew up, scarcely keeping 
pace with its neighbours in knowledge and civilisation, until 
the birth of the Great Temugin — ^by some, derived from a 
smith — by others, from an ancient family who introduced the 
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use of forges into the country — by the Chinese, from the bine 
wolves and white goats, which they assert to be the ancestors 
of all the Mongols ; but, as I have already obserred, by Ba- 
shid-eddin and other credible authorities, from Budantzar, son 
of Alnng-goa. This, is not the place to relate the exploits or 
estimate the character of that celebrated conqueror. I shall 
merely observe, that after spreading on every side with asto- 
nishing rapidity, massacring or enslaving surrounding nations, 
the Mongols beheld their brilliant but brief period of conquest 
fade away, and were once more confined to their steppes and 
plateaus, and reduced to live on their herds and a scanty agri- 
culture. The establishments they made in foreign countries, 
if we except Ghuia and Hindustan, had none of the elements 
of duration. They could storm and sack fortified places, win 
pitched battles, build cities in the midst of wildernesses, but 
tbey could not, at least in most instances, conceive and exe- 
cute any plan for keeping the fertile districts they overran in 
anything like lasting subjection. It remained for their bre- 
thren the Turks to perfect a system by which a barbarona 
tribe, such as they were, could establish a permanent sway 
over a civilised though effeminate empb-e. 

The Mongols, however, were soon driven back &om their 
splendid acquisitions ; or, rather, as soon as fresh accessions 
to their forces ceased to flow from their original seat, they 
melted into the populations they had conquered, without in- 
fluencing in any perceptible degree their form of government, 
their manners, or their religion. This last, indeed, the Mon- 
gols in most cases received from the conquered. 

There are two periods in the history of Mongolia since the 
days of Genghis Khan : the first extends through the thirteenth, 
fourteenth, fifteenth, and sixteenth centuries ; the seventeenth 
was an age of transition ; the second period continues to our 
own day. 

During all this time there may be observed a gradual revo- 
lution in the manners and character of the Mongols, amply 
accounted for by the changes in their political condition and 
religious ideas. In the first place, we behold the imperfect 
civilisation tbey had attained to under Genghis Kh&n, n4>id]7 
giving way before the influenceB of their climate and the con- 
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figuration of their soil. It was not of native growth, and 
never took firm root among them. They soon relapsed into 
their original barbarism, and split into tribes, the number of 
which constantly increased, whilst each claimed to be governed 
by 8 descendant of the Khan Temugin. Meanwhile, however, 
the Kootooktoo, the great Pontiflf of Mongolia, gradually ex- 
tended his influence with the increase of the Lamaic religion ; 
so that, at the period of his voluntary submission to China, 
he was enabled to carry with him a great part of the whole 
population. At this very period it was calculated, by shrewd 
observers, that, had the Mongols known their own strength, 
they could once more have conquered, not only China, but the 
Manchtls themselves, with the greatest facility. Instead, how- 
ever, of refusing to submit to the yoke, the greater number — ■ 
I except, of course, the Sungariaus, who made a bloody re- 
sistance — yielded without a murmur ; whilst those who still 
asserted their independence, contented themselves with con- 
tinuing their predatory incursions, both on the Siberians and 
Chinese, and assaulting the caravans that passed to and fro. 
Their attacks were conducted in a very peculiar manner. It 
was their custom to set fire to the grass round the camps, and 
endeavour to burn out the travellers. They were often, how- 
ever, too timid or too weak to follow up their attempts, and 
their intended victims escaped with the loss of a tent or so, or 
perhaps of a camel or a horse ; but tracts burnt up for the 
space of two days' journey frequently exhibited the mischiev- 
ous consequences of their proceeding. 

Since this time China has gradually consolidated her power ; 
and her manners, considerably modified it is true, have been 
adopted by the Mongols, who are now distinguished by gentle ■ 
ness and docility ; whereas formerly they were ferocious, in- 
tractable, cruel, and insolent. Martini remarks that they are 
still subject to sudden outbursts of anger, in which case 
neither their father nor their mother is safe from their wrath ; 
but in general it is acknowledged that their character is good. 
It is difficult to say, whether the beneficent precepts of the 
Lamaic religion, or the influence and laws of China, have had 
most share in the production of this marked change. At any 
rate, certain it is that all travellers unite in asserting the 
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soperiority of the character of the Mongols to that of their 
fellow-subjects witimi the wall, who are equally submiaeive, 
bat &r less kind and hospitable to strangers. This superi- 
ority is strikingly evinced by the gratitude which the pastoral 
people feel and express for the smallest present, whilst the 
rapacity of the Chinese is never satisfied, and is so intense 
that thankfulness for past favours is almost entirely swallowed 
up by cravings after new. 

At the same time it must be remembered, that, in industry, 
the Mongols are extremely deficient, whilst in this the Chinese 
excel. The latter are averse to leaving a single foot of land 
uncultivated ; whereas the former can scarcely prevail on 
themselves to sow a little raitlet, barley, and wheat. This 
has been accounted for by Timkowski in the fallowing man- 
ner : — ^" The sterility of the steppes obliges the Mongols 
often to change their habitations. Always on the look oot 
for ptisttire, they are frequently obliged to pass the summer 
in places very distant from their winter and spring encamp- 
ments, and consequently to leave their cultivated fields for a 
Icmg time." But natural idleness has much to do with their 
agricultural slovenliness. Even in those quarters, between 
Kiakhta and Urga, for example, where wood and pasturage 
abound, they neglect to prepare dwellings, or lay up provi- 
sions for the winter, contenting themselves with carelessly 
heaping ap afew stacks of hay. Accordingly, when the snow 
falls and the cold strengthens, their cattle are attacked by 
disease, and perish in incredible numbers. The Lamas, on 
the other hand, are active cultivators ; and the church lands 
of Mongolia, instead of being, as in some of our colonies, im- 
pediments to civilisation, might, if the people possessed any 
of the necessary qualities, form nuclei for the successful ex- 
ertion of agricultural industry. 

The portrait of the Mongols has been painted with various 
colours. When they were objects of dread to the nations of 
the earth, words could scarcely be found to describe their 
hideousness ; and the pictures left of them are rather those 
of devils than men. This prejudice has been imbibed by 
Bory de St Vincent, who says they are the most hideous of 
the human race, though he is of opinion that one of their 
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'branches, the Turks, became the most beaatiful, by migrating 
into the balmy Ionia, Macedonia, and Greece, and by mixing 
witli the Circassians and the descendants of tbe ancient Hel- 
lenes. It appears, kovever, that the reports of the ngliness 
of the Mongols haTe been greatly exaggerated. Timlcowski 
obserres, tliat many of the women, with their clear complexions, 
cheM^l cocmtenances, and lively, animated eyes, would be 
rateemed handsome even in Europe ; and the Baron de Bode 
BBores me that he has seen Tatars who possessed great per- 
scnal beauty. 

From tlus, howeTca-, it must not be understood that I in- 
tend to break a lanee in favour of the peerless diarms of the 
Mongfds, male or even female. What I mean is, that they 
are very far from possessing the diabolical assortment of 
features which has been attributed to them ; and that their 
oonntenances do at least exhibit a capacity for beauty. Among 
t^e principal characteristic features are a slightly pointed 
head and chin, and high or rather wide cheek-bones. The 
bare knowledge of these facts, onaccompanied by personal 
experience, has induced some naturalists to compare the face 
of tiie Mongols to a lozenge ; but that this resemblance is 
arbitrarily traced, will appear from the fact that Timkowski, 
who had seen thousands of specimens, expressly says that 
their face is round. Their temples are slightly hollow, and 
the upper maxillar is square, whilst the lower, on the contrary, 
is somewhat pointed. Like the Chinese, too, the upper teeth 
of the Mongols project, so as to rest sometimes upon the lower 
lip, whilst the other range inclines rather inwards. This 
peculiarity of construction influences greatly the pronuncia- 
tion of their language. But the mosFt remarkable traits in 
the physii^omy of the Mongol, are the oblique position of the 
eyes, and the distance between them, by some exaggerated to 
more than the breadth of a man's hand. The former charac- 
teristic is common to the Chinese, whom I believe to be the 
first Tatars who came down from their plateaus to settle on 
the plain, being tempted by the fertility of the banks of the 
Hoang-ho. In later times the same impulse led to the fre- 
quent conquest of the country, and the transformation of suc- 
eenive tides of invaders into peaceful, and at length effemi- 
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Date citizens. The Malays, also, bave the inner comer of 
their eyes depressed, and the outer raised towards their 
temples ; and Lesson observed the same peculiarity in some 
of the islanders of the Indian Archipelago. 

Whilst on the subject of the eyes of the Mongols, I may 
observe that they are deep-set and lively, — " inconstant" is 
the espression of an old writer, — and that their iris is almost 
alvrays black, though said to be blue by Bory de St Vincent. 
This incorrect writer asserte, moreover, that these people are 
furnished with an ample growth of beard, especially on the 
upper lip ; whereas all travellers who have visited Mongolia 
concur in representing their faces as covered with a very 
tardy and scanty crop of hair. They admire, however, and 
envy this element of manly beauty ; and, when chance be- 
stows it upon any of their countrymen, look upon him with 
extreme veneration. A stranger, too, may be sure of respect 
in exact proportion to the length of his beard. Whiskers, 
which are more common, are less prized; whilst the hair over 
the forehead and temples, in obedience to the caprices of 
fashion, is shaved, the rest being bnuded into a tail which 
hangs down the back. Even the varieties of the toilette form 
curious subjects of study for the ethnologist. This simple 
method of disfiguring the countenance has succeeded another 
far more complicated but no less effectual, which has been 
described with greater minuteness than perspicuity by the old 
travellers. We may gather, however, from their accounts, 
that the period of the greatest political splendour of the Mon- 
gols was coincident vritb their greatest elaborateness of dress ; 
and that, like individuals, they have become more careless in 
proportion as they have sunk in the scale of fortune. It is 
well known, that after the task of conquering China had been 
accomplished by the Manch^, they nearly forfeited their new 
acquisition, by imposing tbeir head-dress as well as their 
laws upon the vanquished. They insisted on the adoption of 
the fashion I have described. The empire was convulsed 
Irom one end to the other. A general insurrection was for a 
while expected, but the conquerors were firm ; and the 
Chinese furnished the strongest possible testimony of their 
hlimiliatiOD, by consenting to change their customs as wellas 
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tbeir masters. It msj be that it was the desire of the Mau- 
chua to prevent the repetition of the notorious inflaence ex- 
ercised by the Chinese on the former Tatar invaders. A 
second attempt of a similar tendency was made in later times 
by the Emperor Kien Long, who caused 5000 ManchU words 
to besubstitutedforas many Chinese ones, forbidding the use 
of the latter under pain of corporal punishment I 

The hair of the Mongols is black, and naturally by no 
means scanty or short. Among the neighbouring Tunguses 
instances have been met with of hair of extraordinary length. 
A Russian ambassador mentions a man whose locks measured 
fonr yards, and whose sou promised in this respect to emulate 
his sire. 

The complexion of the Mongols is sometimes described as 
dark-yellow, sometimes as deep olive. The truth seems to be, 
that it is rather sallow and tanned by the sun. The children 
are frequently mentioned as having ruddy cheeks : and the 
rosy countenances of the women are also dwelt upon. 

The stature of the Tatars generally is moderate. Their 
legs are remarkable for their shortness ; their feet also are 
small ; and their knees are slightly bent out. Their thighs 
are thick, their shoulders broad, their waists small, their arms 
long and vigorous. The peculiarities of their lower limbs may 
result from their equestrian habits ; the strength of their arms 
is very pcssibly derived from the constant use of the bow. 

It is natural that a slight notice of the country inhabited by 
the Mongols should succeed the description of their physical 
organisation. Without believing in the theory of autoch- 
thoneity, I consider man to be in some measure the creature 
of the hills, valleys, lakes, rivers, winds, storms, and sun- 
shine of his native land. All these participate in the forma- 
tion of his character. It Is In this sense alone that I under- 
stand that the Tatar race traces its origin to the Altai chain 
of mountains. There was the cradle of its future indivi- 
duality. In the regions to which its various subdivisions mi- 
grated, new elements were added by degrees. Not the least 
rranarkable instance is that of the Mongols. 

Their present country occupies the sides and summit of a 
vast swell la the surface of Central Asia, broken up into hills 
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ftnd Tulleys, and intersected by a few large rirers and nume- 
roos small streams. It is crowned by the great desert of Kobi, 
or Sbarao, as the Chinese call it, one of the wildest and bleak- 
est regions of the globe, of still unknown extent and unde- 
fined limits, though parts have been more than once explored 
and described. In some places its sm^u^ is undulating, like 
that of the rolling prairies of America ; in others it is roi^;li, 
broken up by ravines, and gullies, whilst frequent plains are 
metwith, covered mth pasture. The hills are generallyclothed 
in a mantle of dark budnrgvma, which resembles young o«k- 
afaoots, and are often inhabited by such prod%ious numbers 
of mice, that the horses' feet sunk at erery step into their 
burrows. 

Among the ever-rccurring Featives of a Mongolian land- 
scape, are the s^t-lakes, with their white incrustatitm, umI 
el^^ant fringe of slender reeds. Many of these are met with 
in the vast sea of sand and flints whidi stretches north of the 
Tsakhars. 

But we must not connder Mongolia under the most un- 
&Tonrable aspect only. In many quarters it is highly fertile, 
especially near the Great Wall, where the climate has been 
compared to that of Germany. The banks of the Boro, the 
Shara, the Iro, and other large rivers in the northern sectioa 
of the country, abound in pasture, and there occurs here and 
there land admirably adapted for Hll^e. 

In one part of the desert of Kobi, there is an eminence, 
whvdi, seen from a distance, appears like a forest As yon 
approach, however, an extraordinary lusus naturtE is observed. 
Here is b^eld an immense altar ; there a sarcophagns. Now 
is seen a lofty tower ; then the rains of a house with a stone- 
floor. The rock, a decomposed granite, lies in lat^e masses, 
from three to nine inches thick ; in some parts the Eobima 
p^gmcBa grows thick on the surface ; no other plants are seen, 
and the soil around is sandy. The Mongols declare that 
much k>adstone is found in this place ; and if any one ap- 
proachw with a gun, it is stronj^y attracted- In Mount Dar- 
kan is said to be preserved the anvil of Genghis KMn, com- 
posed of the peculiar metal called iMryn^ possessing the pro- 
perties of iron and copper, bemg at (mce hard and flexible. 
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Oae of the pecnliarities of a Mongolian landscape is, that 
almost every considerable eminence is surmounted by an obo 
or altar, consisting either of a heap of stones, a mound of 
earth or sand, or a construction of wood, generally of colossal 
dimensions. These altars are raised mider the direction of a 
LamaiTntti many solemn ceremonies, and are constantlyTisited 
for the purpose of prayer, or the presentation of offering. 
Every passer by alights from bis horse, places himself south of 
the obo, with his face to the north, makes several prostrations; 
and, having breathed his hnmble supplication, and deposited 
his gift, rides away, satbfied with the performance of his duty. 
Tufts of horse-hair are the most frequent offerings, the object 
of which is generally the preservation of the pastoral riches of 
the Nomades. Similar c«*emonies, with a similar object, are 
performed by the Yakoutes, in the worship of the Spirit of the 
Woods. 

The climate of Mongolia is generally cold, but in some 
places, and at certain times, the heat is excessive. Kiakhta 
itself is 2400 feet above the level of the sea, ctmsequentiy, 
higher than all the towns of the Hartz and Swiss Alps ; and 
there is a continual nse from this place to Urga. 

It is well known, that Mongolia is politically divided into 
several principalities, each recognizing the sovereignty oS the 
emperor of China- This is not the place to enter into any de- 
tail on the arrangements by which government is carried on. 
I can only say, that they ensure the complete subjection of the 
Mongols ; and that even the Chinese themselves now feel that 
their Great Wall is snperfiuous. Previous to the annexation 
of Mongolia, this stupendous fivtification seemed always in a 
state of siege, so numerous were tlie soldiers that passed to 
and fro along it. It now winds its deserted line along the 
v^eys, up the sides and over the crests of the moantains, liko 
a railway started without sufficient capital to keep it open. 

The Lamaic religion is one of the chief instruments for 
keeping the population in order. Its own natural influence 
is to render the people who profess it mild and gentle ; but 
its ministers are, besides, under the complete control of the 
celestial emperor, who even directs the inspiration of the 
Kootooktoo, or Pope of Mongolia. 
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There ifi one point in the aneient civilisation of Mongolia, 
which may he worth noticing. Europe, towards the close of 
the middle ages, was filled with reports of vast cities in this 
part of tlie world, among the principal of which was Kara- 
korum. But modern geographers deny that these cities had 
any real existence, at least, with the circamstances of gran- 
deur which have been attrihuted to them. Malte Brun ob- 
serves, that no rnins remain to attest the former splendour of 
Karakorum ; and that " the Mongols have never been saffi- 
ciently numerous, or sufficiently rich, to build cities worthy of 
the name." But even in the desolate steppes of Kobi there 
occurs the fragments of former architectural magnificence ; 
in one place they encumber the slope of a mount^n for the 
space of two wersts. They are all of stone ; the remains of 
temples, altars, and other buildings of colossal dimensions, pre- 
sent themselves on every side, covered with grass and moss ; 
in some cases the foundations only are of granite, whilst the 
superstructure is brick. Clay, mixed with gravel, was used 
.as mortar ; the clay has now disappeared, and the gravel 
jilone remains. Some of the buildings are round, and adorned 
with cornices ; in the temples are empty vaulted niches, 
broken bits of a green stone strew the courts, and troughs of 
the same material also occur. 

For a space of four wersts beyond the cluster I have de- 
scribed, similar remains are visible, though more thinly scat- 
tered ; and tombs, towers, and deserted walls appear on every 
ude. There cannot be a doubt that on this spot a vast popu- 
lation once swarmed ; for in all probability the most import- 
ant structures have alone survived, those of a humbler cha- 
racter having been constructed of a more perishable material. 
** These ruins," says Timkowski, " formerly inhabited by a 
descendant of Genghis Kb^, now serve as a retreat for the 
flocks ; the Mongols seldom visit the monuments of their for- 
mer splendour and independence." 

I can hardly understand how, after this, M. Bory de St 
Vincent could have asserted of the race, in which he includes 
the Mongols, that they have never attempted to build cities, 
" Nulle part ils n'ont bati des villes." 

But I have not as yet alluded to all the authentic accounts 
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of ruined cities in Mongolia. The Russian ambassador 
Isbrants Ides described no less than three in the seventeenth 
century, full of fragments of statues of kings sitting cross- 
legged (perhaps Budhist idols), and surrounded with an 
earthen rampart. These, it may be said, were not cities in 
our sense of the word. They were rather nuclei for popula- 
tion, consisting chiefly of public buildings ; bat I qaestion 
whether the wooden habitations with which they were sur- 
rounded, were not at least as durable as the brick houses of 
London at the present moment ; and whether any other 
traces will remain of this great metropolis three or four hun- 
dred years af^er its total desertion, than its churches, prisons, 
parliament-houses, and other public edifices. 

However this may be, certain it is, that the Mongols have 
generally manifested a peculiar predilection for temporary 
habitations, tempted thereto by the nature of their steppes, 
and the occupations to which they are compelled to addict 
themselves, as well as by their own inclinations fostered by 
their mode of life. The skeleton of their tents is generally 
made of osier, the cross-pieces being tied together with small 
thongs. The rafters of the roof are long poles, which meet at 
the top. leaving a small opening for the smoke. The covering 
of this frame-work consists in summer of one. in winter of 
three, layers of felt, manufactured of wool and horse-hair, pro- 
cured by cutting off the manes of the foals in their first year, 
and that of some of the horses every spring. 

The real Mongol name of a tent is gher, though travellers 
generally use the Siberian terms kibitka and ymtrt. On 
entering the low and narrow door, which is always turned 
towards the south, you observe on the right hand, near the 
entrance, the place reserved for the women. Aged persons 
have carpets of felt, with patterns worked in them, to sit on. 
The rich import these luxuries from Persia or Turkest^. 
Oppodte the entrance is a small table supporting copper idols 
and various utensils for the offerings. On the right hand ctf 
this stands a wooden bedstead covered with felt ; to the left 
are trunks, boxes, &c., for clothes. All the Mongols sit cross- 
legged on the ground, so that cburs and coaches are di»- 
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penwd with. Their dwellings are mostly very small, though 
those of therich are comparatively spacious; and ineome in- 
stances several tents are joined t<^;ether, so as to resemble the 
rarioDS apartments of one hoose. These ghert, as they them- 
selves confess, are often inadequate to protect them irom the 
cold, Bo that the little children are sometimes oompUitely 
wrapped in fais and skins. 

The dress of the Mongols generally is in soitimer a long 
robe made of nanteen (like their shirts and other under gar- 
ments), or colom-ed silk and satin, generally AaA. bloe. Their 
cloth cloEilcs are nsaally black or red, with yellow batton-holes. 
A leathern girdle, fastened with »lver or copper tmckles, 
serves to hold a knife, flint, and steel. Their silk caps are 
roand, and trimmed with black plush ; three long red rib- 
bons hang down b^iind as <»mamente, and prodnce a very 
beautifnl effect, as they wave and flutter in the wind. Their 
thick-soled boots are made <tf leather. In winter they are 
protected frcHu the inclemencies of the season by long pelisses 
of sheep skin, and caps trimmed with the same materia^ or 
tiie fiir of sables, foxes, oi marmots. 

The women dress in many respects like their husbands. 
The old travellers assert that they coold see no difference. 
But at present^ if there be not much distinction in form, the 
female costume is remarkable for its snperior richness. The 
robes of the wealthy are often of the most beautifnl blue satin, 
their caps of si^le, their silken zones interwoven with silver, 
and stodded with large camelians. Even the saddles of their 
h(«^es are covered with liiese precious stones. They divide 
their hair into two tresses, which &11 on the breast, and are 
adorned at the extremities with small pieces of silver, coral, 
pearls, and precious stones of different colours. Coral is much 
prized in Mongolia, and is very dear. 

The Mongol bridles, saddle, and harness, are often orna- 
mented with copper, rarely vrith silver. Bows and arrows, 
with a short sword, are the favourite arms of the country, as 
they have always been among pastoral nations. We may siqi- 
pose that the custom which prevailed amnently in China, of 
hanging up a bow and arrow before the door of a house at the 
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birth of a son, -nss a remnant of the nomadic habits of tbe 
people. Muskets and rifles are only used by hmiters, irho 
obtain their powder, shot, and balls, from China. 

Milk forms the staple article of food in Mongtdia, being 
used as a bever^^ in its original state, and afterwards eaten 
T^en transformed to butter and cheese. This light food may 
account for the activity, as well as the lack of muBcular vi* 
gour of the people. A Cossack is more than a match for a 
Mongol ; bat the latter, even when arrived at the age of 
^ty, will ride, it is asserted, two hundred worsts in a day 
withont being fatigued. In summer they drink a kind of 
brandy, which is extracted from milk. 1 may here remark, 
by the way, that smoking is extremely common. Meat ia 
rarely eaten ; and then mutton is preferred. No game is 
touched, exc^t on pressing occasions, but the wild goat and 
the wild boar. Fish are protected by eup^^tion. In ex- 
treme cases they will eat the flesh of' camels, horses, and 
even of lyniwtRlg that have died of disease ; in which, I sup- 
pose, they would be imitated by every European under simi- 
lar circumstances, though our bstidiousness m^ht perhaps 
lead OS so form a different opinion of what constituted 
urgency. Water is rarely tasted, brick tea being the favour- 
ite drink. This, indeed, is almost invariably the contents of 
the cast-iron kettle which swings over the fire of dried dung; 
and any traveller who passes by, jwovided he be furnished 
with his own wooden cup, sometimes lined with silver, may 
enter and quench his thirst. This beverage, called tatounat, 
is generally rendered palateable with milk, batter, and salt 
A little flour fried in oil is sometimes added. What is usually 
denominated brick-tea ccmsiBts of the dry, dirty, and damaged 
leaves and stalks of tea thrown aside in the Chinese mantt- 
fhctories, pressed in moulds, and dried in ovens. The Chinese 
will never drink it themselves. Bat the Mongols, the Buriats, 
the Kalmucks, and the Siberians, use it to excess. The lat- 
ter, indeed, are said to weaken their constitutions, by this 
means. 

The small, fat, buffaloes of Mongolia are generally black, 
and their tufted hair gives them an extraordinary (^pear- 
ance. The sheep, which fdniish abundance of milk, wnd 



D,g,t,.,.d.i.COOC^IC 



270 Mr St John on the Mongda. 

whose excellent meat is spoken of by Martini with the relish 
of a connoisseur, are white, with long black ears and very 
lai^ tails, like those mentioned by Herodotus and j^llian. 
They belong to the second class enomerated by these writers, 
and are not those which, from the length of their tails, re- 
quired a little carriage to prevent them &om dragging on 
the earth, — Uie peculiarity consisting rather in extreme 
breadth. The Mongolian horses are small, but vigorous 
afid spirited. Their head is remarkably short : their hoof 
narrow. 

Were any accident to deprive this people of either of the 
three species of animals I have described, a great revolution 
would necessarily be effected in their mode of life, and con- 
siderable influence exerted on their habits and physical or- 
ganisation. The gradual destruction of the rein-deer in Si- 
beria, within these last two or three centuries, has brought 
many changes into the manners of that country, besides in- 
troducing the use of dogs ; but the loss of the buffaloes, the 
sheep, or the horses, would be far more influential on the for- 
tunes of the Mongols. That the contingency which I have 
supposed is by no means an improbable one, is shewn by the 
parallel case of the rein-deer in the country immediately to 
the north ; and about tweuty-five years ago, the whole steppe 
of Kobi was visited by such a mortality among the domestic 
animals, that some prt^rietors of five hundred horses had not 
above twenty left, and others who possessed two hundred, 
had saved only four. It seems, certainly, at first sight, by 
no means likely that the breed of horses should be destroyed 
in Mongolia. Still, admitting even the possibility of such 
an occurrence, we are at liberty to speculate on its conse- 
quences. 

In Siberia, it has been observed that those tribes which 
have lost their rein-deer have sensibly deteriorated, and afTord 
a striking contrast, by their humility and weakness of cha- 
racter, to the martial disposition and proud bearing of the 
more fortunate people. I have no doubt that the Yakontes, 
before they were reduced by Kussia, and had begun to em- 
ploy dogs instead of rein-deer, oflered fer more points of re- 
semblance with the Tchuktcbis than at present. A similar re- 
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salt would perhaps arrive, were any portion of tlie Mongol 
race deprived of its horses, its bufialoes, or its sheep. But, 
in addition, some of the most striking of their physical charao* 
teristics might become gradually obliterated. 

To convince ourselves of this, we have but to reflect on the 
extent of the influence exerted by their peculiar mode of life 
on the Mongols, and on the determining causes of this mode 
of life. In the first place, their nomadic habits, and all the 
modifications of their character and structure resulting there- 
from, are attributable to the necessity they are under of 
seeking support for their herds and their flocks. Their wan- 
dering life, to which Lucian compares that of a gourmand 
continually passing from one part of a table to another in 
search of a variety of good things, is especially inimical to 
steady industry, and must induce a certain tendency to vacil- 
lation and inconstancy, combined with general indolence and 
momentary displays of energy. One of the wisest of ancient 
writers asserts this character to be distinctive of a nomadic 
people. Should the Mongols ever be induced, by the ac<^<- 
dent I have supposed, or any other reason, to settle in their 
fertile valleys and plains, the natural result would be, the dis- 
appearance of this quality — this restlessness, I mean, and love 
of change, and unsteadiness, and proneness to indulge in spe- 
culative migrations, as well as aptitude to grow disgusted 
with late acquisitions, — from which most of the splendid 
achievements, and most of the misfortunes, of the race have 
proceeded. That there is arable land in Mongolia sufficient 
to support an agricultural population of two millions (the 
estimated number of the present inhabitants), I have no 
doubt. 

I have already made some observations on the milk-diet of 
the Mongols ; but there are a few facts which I have pur- 
posely withheld for this place. Even so far back as the time 
of Homer> the habits of the Scythians or Tatars were so well 
known, that they won for them the appellation of Milk- 
Drinkers ; and all nomadic nations have exhibited the same 
propensity. It is carious to remark, that Coxe, in describing 
tiie wandering Bbepfaerds of the Alps, asserts that they Ur4 
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oa cheese, cards, and whej. The Mongols, as we have Been, 
like the ancient Ethiopians, indnlgu occasionally in meat ; 
bat milk, and the substances extracted from it, still form 
their staple articles of food. Mares' milk is generally pre- 
ferred, — not, as was believed in the last centory, because the 
cows will not Buffer themselves to be milked, but because, on 
taming sour, it acquires a slightly inebriating quality. When 
in this state, Pallas informs us, it is called koumUt — the koa- 
moB of Rubruqnis, the kemuh of Marco Polo, and suggests 
Ooray, the oxyffala of Straba It is from this komtm» tiiat 
the brandy I have already mentioned is manufactured. En 
winter, says Witzen, when the mares are less lactiferous, a 
beverage composed of snow water, honey, and millet, is sab- 
stitnted. It is obvious that the constant use of food so pe- 
culiar, for a long saccesBion of ages, must have strikingly in- 
fluenced the physical character of the Mongols ; and that the 
sabstitDtion of a vegetable diet, which would be consequent on 
an alteration in their mode of life, would work considerable 
changes in them. 

But on the nomadic mode of life depends, also, the con- 
stant ose of horse-exercise, which I conceive to be one of the 
principal causes of some of the characteristics of the Mongols. 
Coray, in his learned notes on Hippocrates, enlarges on the 
diseases to which equestrian nations are peculiarly liable. On 
this theme I am not competent to enter ; but it is easy to 
understand how, in this way, their moral character may be 
affected. Not, however, to lengthen out this speculation, some 
of the distinguishing characteristics of the Mongols, — I mean 
the shortness and oatward curvature of their legs, and the 
smallness of their feet, — would, I think, entirely disappear as 
soon as their present mode of life should be chuiged. 
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Description of a Totally BeJIecting Priam, employed for illu- 
minating the open cavities of the Body ; with a view to faci- 
litate the examination of Disease, and the application of reme- 
dial means in such situations ; illustrated with an Ear " Spe- 
culum^'' or Prismatic Auriscope, adapted to this method of 
observaHon. By Adah Wakden, M.D., F.R.C.S.E. (With 
a Plato and Woodcut.) Communicated by the Hoyal Scot- 
tish Society of Arts.* 

Having been present on repeated occaeiona at meetings of 
the Society of Arts, and appreciating highly their efforts to 
give an impulse to useful observation, and to its practical appli- 
cation to general purposes, I beg leave to present to their notice 
a method of illuminating the open oavitiea of the body, whereby 
the ezominatioa of dusease and the application of remedial 
means in snoh situations may be facilitated. 

As I had heard Monsieur Charles Dupin express himself tt> 
the Society of Arts of Paris, " Here, in the doctrine of parallel 
lineS| the weaver and the carpenter are to see the secrets of 
their own art, and in the various expositions every artisan is 
to catch the application of the doctrine of his trade ;" so, in 
listening, as a oasoal auditor at a late meeting of this society, 
to some notices of the usefiil application of prismatio refleotiou, 
an adaptation of a prism to the apparatus of surgery soggested 
itself to me, and is now submitted to inspection. 

A short time before the meeting of this society above re- 
ferred to, my attention was especially awakened to the diffi- 
culty attending the management of diseases in the open cavi- 
ties of the body, by the experienced imperfections of the exist- 
ing apparatus of aural surgery. The object of my present 
communication is to explain my attempt to improve that appa- 
ratus, by a new method of throwing light upon the parts to 
be examined, and it will readily appear that the arrangement 
proposed is equally applicable to any of the other open cavities . 
of the body. The manifold importance of the diseases of the 
ear, aa affecting the valuable sense of hearing, and in their 

* B«ad Mid exhibited to th« Society on 22d April 1844. 
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more serioos forms even endaDgering life itself, will be con- 
ceived, when it is meatiooed that Valsalva, one of the most 
eminent anatomists of the last oentnrj, devoted sixteen years 
of a laborious life to their investigation, and to the eompositioa 
oS his treatise on the subjeot. Hid biographer, Morgagni, men- 
tions that he performed an ittcredible number of dissections in 
this research. The great proportion of the diseases of this 
organ, and those of the most remediable kind, have their origin 
in the external auditory canal, and the tympanum at its termi- 
nation—the vascular texture and the situation of those parts 
exposing them to the first attacks of disease, and, whence, in 
its unohecked progress, it is propagated to the complicated in- 
terior structures, to the bones and the brain. 

The external auditory passage exceeds an inch in length, is 
curved in its oonrse, and is commonly so beset with hairs as to 
prevent the view of its inward track and termination ; but by 
the aid of a straight oanula, or the common speculum, these 
obstacles to observation are readily obviated ; sufficient Ught, 
however, to illuminate the passage, still remains the one desi- 
deratum, without which, to exhibit the actual condition of the 
membrane of the tympanum, the surgeon cannot pronounce as 
to the importance or curability of disease, nor resort, with con- 
fidence of its safety from danger, even to the popular remedy 
of the syringe. The instrument submitted to the Society, and 
represented in the Woodcut, is constructed open the prin- 
<nple of illumination derived from prismatic refieotiou. It con- 
sists of separate portions : a straight handle, a a, five inches in 
length, terminating in a ring, b, of half an inch internal dia- 
meter, the ring grooved in its interior as a screw. To this 
screw are adapted four oanulse or straight tubes, c, of one, 
two, three, and four lines calibre, and another, d, of a funnel or 
tapering shape, applicable to the dimensions of the auditory 
canal at different ages and under different degrees of constric- 
tion resulting from disease ; the wider moathed canula is in- 
tended to be employed for preliminary exploration and removal 
of any accumulated cerumen obstructing the passage of the 
light, also for affording a proper field for the passage of mstrn- 
ments and other topical manipulation. The canule are an inch 
and a quarter in length, and terminate in blunted edges, to 
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prevent iDJuiy in their pase^e into the ear. From the middle 
of the straight handle, and at an angle with it of about 20°, 
arises a ovurved branch, e, moveable in a pivot joint at/, toward 
either side of the handle. This branch forms a stalk, on which 
a prism of fiint glass, g, is perched erect, to the level of the 
opening of the affixed cannla. The priam rests in a metallio 
socket, and is made to revolve on its own axis at the toach of 
the finger, or to remain fixed in any desired position hy the aid 
of a small clamping screw, A. The instrument is thns complete 
for nse- The cannla is to be introduced into the ear to be 
examined, the patient being seated by a table, having a good 
light of a gas jet or argand burner at a convenient distance to 
one side. The suigeon being placed opposite to the ear to be 
inspected, a face of the prism ia turned towards the light, and 
it is made to revolve tmtil the luminous spectrum is conveyed 
to the bottom of the cannla, and to the surface sought to he 
observed. There is no difficulty in the adjustment of position, 
when the relations of the light and the object are ascertained 
by a little experience ; and when this adjustment is made, the 
full and clear jUamination of the object is at once obtained, 
and with a degree of brilliancy proportioned to the quantity of 
light employed in the particular observation. Where different 
circumstances require it, the intensity of the light may be arti- 
ficially increased to any desired extent- 

The principle or theory, as already mentioned, consists in 
total reflection. The light is received by one side of the 
prism, is reflected from the second side, and emerges by the 
third side to the object illuminated, as represented by the 
dotted lines le y z, and thus its view is revealed to the eye. 
The light afibrded is nearly equivalent to the same candle 
or g5ts-light applied to the page of a book, or other familiar 
uses, so little of it is lost in its passage through the prism. 
The illumination is not preternatural or dazzling, such aa 
would alter the real features of disease, but natural, and 
such as the eye is familiar with. The advantage of this 
uncoDcentrated natural light can only be fully appreciated 
by professional eyes ; and I am persnaded that any method of 
concentrating light by lenses or convergiug mirrors, substitut- 
ed for the prism, would not increase the serriceableness of the 



D,g,t,.,.d.i.COOC^IC 



Description of a Tolallj/ Heflecting Pritm. 277 

inatrument exhibited for medical examinations, bnt the reverse; 
and of this I speak from sufficient experiment. 

The Society vill anderatand that whilst this inetmment is 
oonstraoted so as to afford the ntmost amonnt of light which 
the dimendona of the passage of the ear can admit, it is not 
intended to supersede the use of the speculum which generally 
bears Dr Kramer's name, the utility of whioBi in so far as 
that extends, is established by the concurrent experience of 
the profession ; neither in the other applications of prismatic 
illumination which present themfielves to me, would I be uo- 
derstood to depreciate existing apparatus, when I suggest 
each modifications as may increase or extend their efficiency. 
Indeed, it has been my aim, in constructing the other adapta- 
tions of the prism, to frame these so as to be a ready appen- 
dage of all the different forms of speciila in the hands of the 
profession. The importance attached by professional persons 
to the existing very imperfect methods of illuminating the 
ear may be estimated by a reference to Dr Kramer's Treatise 
on the Ear, translated by Dr Bennet, which describes his in- 
genious efforts to eflect this end in these terms. " In order 
to obviate the above objections (to all other forms of illumina- 
tion) as far as possible, I have constructed the following appa- 
ratus. The principal part is an argand lamp, with a thick 
cylindrical wiok, the. reservoir of oil being ^aced behind the 
box next to be described. This box is constructed of tin- 
plate, the inner surface of which is painted bhick in order to 
prevent any reflection of the light. It covers the lamp so as 
completely to enclose the flame, the lamp-glass passing through 
an opening in the top. At a convenient distance from the 
flame, and behind it, i^inst the inside of the back of the box, 
there is a plated concave mirror. In the anterior face of the 
box there is inserted a tin tube fourteen inches in length, which 
is likewise blackened inside, and each extremity is provided 
with a double convex lens two inches and a half in diameter. 
The argand lamp throws its powerful mass of light agunst the 
concave mirror, whence the rays are reflected through the 
first convex lens, along the tube and through the second con- 
vex lens. The luminous rays are thus collected into an in- 
tensely bright focus of the siie of a shilling, at a distance from 
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the tube of the apparatus very oonv«iient for the iUnnunatiMi 
of the auditory passage." Op. cit. p. 93. 

This large and inoommodioua lantern u liable to the general 
objeotion applicable to all auoh means of illuminating the 
cavity of the ear, that any direct light* even of the aun itself, 
is noavoidably liable to be intercepted by the head of the 
observer iu so narrow a field ; and if a lamp and lens be placed 
between the eye and the object viewed, not only does the 
dazzling artificial mediam alter the characteristic appearance 
of disease, but such apparatus, in order to guide aoy surgical 
procedure, must be kept strictly in such a position as neces- 
aarily to interfere with any ooDvenient manipulation in the 
removal of foreign bodies ftom the ear, the puncture of the 
membrane of the tympanum, the application of caustic, or 
any other operation. The method of illuminating diseased 
parts by the prism is not liable to these objectiooB. The 
cavity of the ear and other deeper seated parts may be inspect- 
ed with the satisfaction only short of sunlight view, by means 
of a common gas jet or other light, and with little less facility 
than the tongne; while by the position of the prism in the 
apparatus, it presents no obstruction to the procedure of the 
surgeon, — a circumstance which commends it to tJie curator 
in diseases of the rectam and uterus, where the application of 
ligatures, cauteries, &o., reader aoy increased facilities pecu- 
liarly desirable. 

To those who are at all acquainted with the progress of the 
medical art in our own day, it is well known that this has 
been chiefly owing to the more exact investigation and the 
more extended knowledge possessed of the alterations which 
take place in parts afiected with disease, and the minute 
detail of physical appearances which medical aothoni employ 
to describe these changes, is well oalcnlated to convey an idea 
of the great and just importance attached to them. In pro* 
portion as we attain to the means of recogninng with preci- 
sion the actual state of disease in the interior parts of the 
body, will its saooessful treatment be insured ; and if, by the 
method here proposed, we can in any case confirm the doubt- 
ful testimony of touch, by the farther evidence of sight, which 
before was wanting, it is obvious that the AiIl force of medical 

D,g,t,.,.d.i.COOC^IC 



Description of a Totally PeJUcling Pritm. 279 

expeiienoe may be brought to bear upon snob diseased parts 
witb increased confidence and effect. Among tbe altered con- 
ditions produced by disease which come under our obserra- 
tion in the living body, change of oolour is at onoe the most 
obvious, and in aU its diversities the most significant, mark 
which presents itself. From the first evanescent blush of 
erysipelas to the itiky stains of gangrene, and in tbe various 
forms of emptive disease there is scarcely need of farther ia- 
telligence than is gathered by the eye at a glance ; and when 
the softer and more vascular textures within the moath and 
the other cavities of the body are the subject of morbid affec- 
tion, the characteristics derived from the shades of oolour, be 
it of an inflamed, abraded, or nloerated surface, are still the 
most distinctive and important to be observed. The tutored 
sense of touch, ao far as that can extend, discerns somewhat, 
nay much, of the conditions of disease even in the dark 
cavities of the body ; but of oolour, it cannot, at the present 
day, form a better estimate than blind persons are said to 
have done of scarlet when they likened it to the sound of a 
trumpet. 

The advantage of Prismatic Illumination consists in the 
opportunity it affords of examining the recesses of the open 
cavities of the body by light of imy desired intensity, and 
that plaoed on either side of the observer, so as not to be 
liable to be intercepted by his shadow, nor to interfere with 
the freedom of any operative procedure ; and by the combina- 
tion of two prisms, one placed at the external opening of the 
speculum, the other moveable within it, so as to traverse its 
extent, disease presenting itself at the opposite extremity of 
the tube may be fiUty inspected, while through the transparent 
sides of a glass tube, or the interrupted continuity of a metal- 
lic one, the whole surface of the passage may in succession be 
surveyed, uid remedial ^pliances conducted to any point 
affected with disease. Thus the numerous and serious affec- 
tions of the straight-gut, whose nature is often obscure, and 
the treatment uncertain and dif&cult, may derive all the ad- 
vantages which light and the sense of sight are capable of 
contributing in other cases. And these advantages are not 
confined to the very limited extent to which touch oau be 
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carried in that particniar aitnatioa. Thoee oasea of highlj'- 
seated strictore whioh oocar at the farther extremity of the 
Btraight bowel, and bo are removed beyond touch, and all 
satisfactory maDagemeot, may, by the method whioh I have 
propoaed, be brought fully under examination, and have the 
treatm^it adapted with the same accuracy as in the more 
anperBoial affections. 

It is probable that an erroneous idea of the expense of the 
iturtmments required for this method of investigation may 
deter many irom making trial of them ; but it will serve to 
remove this mistake if I shall mention that my experiments 
were mostly made with the materials within reach of all, such 
as tubes of block-tin, of bone, and of rosewood. At the 
same time, m(Mre expensive materials, as rilver gilt, silver plate, 
or German silver, are the most appix^riate, and such as I 
would recommend. The quality and finish of the glass em- 
ployed admits of less latitude of choice, — the seoond or in- 
terior prism especially must possess that highly-finished sur- 
face which Messrs Adie & Son, opticians, of this city, are so 
competent to supply. 

I abaW now, as briefly as possible, expltun the parts which 
compose another of the forms of the Prismatic Speculom, of 
which a plate is appended (Plate IV.) to this paper. Any dif- 
ference in the model or size of the instrument will depend upon 
the Bpecialties of different cases, and the forms of specula which 
these may demand. Indeed, the same instrument may serve 
equally for the great majority of oases of disease affecting 
the rectal and uterine passages. I confine myself to the de- 
scriptioD of one of these forms of apparatus, that adapted to 
the examination of the rectum. The first portion, whioh I 
have thought it nnnecesssry to delineate, is a glass cylinder 
open at both extremities. This is to l)e employed by the 
patient as the medium for a jet of water from the syringe in 
common use, by whioh thorough ablation and exposure of the 
diseased surface is to be effected. The secoud portion of ap- 
paratus, represented in two aspects. Figs. 1 and 2, is more 
complicated, and consists of a metallic speculum (a), having 
a glass tube (6) concealed within. This tube is not open at 
its farther extremity, but ia made to terminate in a smooth 
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bulb or obtuse cone, projeoting beyond the edge of the metallic 
tube, as shewn ia the plate, so as to fiMsilitate the introdnction 
of the specnlum, and defend the surface of the passage from 
injury. If the disease to be examined is seated in the axis 
of the instrument, such as stricture, the glass tube is to be 
vithdrawn when it has reached the seat of obstruction, be 
that at the distance of 5, 7, or more inches, aud a beam of 
light transmitted through the prism (c), which is appended 
to the neck of the instrument, ia then to be oondocted uid 
made to rest on the part oSbcted, until it be fully and satis- 
Eactorily examined, in the same maimer as already detailed in 
describing the auriscope. In passing, it is to be observed, 
that, while the mechanical method of pressure and dilatation 
is the most suitable for the treatment of simple stricture, it 
is obrious that we mast forego this plan when the disease ia 
sitnated beyond oognizance by the finger, the hazard of pene- 
trating the coat3 of the bowel being a far more likely conse- 
quence of the use of instruments in such circumstances than 
the forcing of the more unyielding parts affected with disease. 
By the introduction of light, and by obtaining a view of the 
precise seat and remaining dimensions of the strictured part, 
the bou^e suited to enter this may be selected, and by the 
first interference relief may be afforded, and progress made 
in the track of cure. 

This much may suffice to exemplify the service afforded by 
the single prism employed to Ulominate a surface at the ex- 
tremity of a straight tube. For the examination of disease 
affecting the sides of the cavity, a second prism (d) is to be 
used, mounted on the end of a slender metal rod (ef), of a 
length somewhat greater than the tube, in order that it may 
terminate extemaliy in a small knob or handle, whereby it 
may be conveniently moved thronghout the extent of the in- 
strument. To obtain the service designed in this arrange 
ment, the speculum inclosing the close coniform glass tube, is 
to be introduced as before. The metallic part of the instru- 
ment represented in the plate consists of two light cylindurs 
(f and h), one within one another, from each of which a longi- 
tudinal section of half an inch, extending nearly the whole 
length, has been removed. By a semi-revolution of the in- 
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temsl cylinder (A), which ia effected bj a correspondiiig turn- 
ing of the projecting ring (jt), forming the neck of the 
speculum, the open sections of both tubes are brought into 
coaptation, as is shewn partially by the dark space in Fig. 4, 
and thereupon a similar portion of the mucus surface imme- 
diately applies itself to the exterior of the glass tube within 
contained. Illumination being afforded through the exterior 
prism (e), as before explained, the interior one {d) in the 
same manner transmits the tight te the suriace opposed to its 
reflecting side, and a pioture of this surface, in all the truth of 
outline and colouring, is, simultaneously, thrown back on the 
reflecting face of the prism, and bo offered to the inspectioa of 
the observer. By making the interior prism to oouree along 
the open section of the speculum, oTcry portion of the surface 
exposed may be minutely examined. If the glass tube become 
dimmed by exhalations or secretions before the survey of a 
section is completed, it is merely necessary to turn it slightly 
and to present a clean portion of its surface. Pursuing the 
aame method, nei^bouring portions of the lining of the bowel 
are to be included in the open aspect of the instrument, and 
examined in the same manner until the survey of the whole 
cavity is made. Let it be supposed that the open mouth of a 
bleeding vessel is the subject of search ; the longitudinal aper- 
ture of the speculum, in that case, may be contracted to a 
chink, and this may he made to traverse the circle of the pas- 
sage until the direct issue of the blood obviously corresponds 
with the opening. If the case be not urgent, after the removal 
of the glass tube, styptics or a caustic pencil may be appUed 
to the spot, as in conunon cases ; and if the biemorrhage is pro- 
fuse, delu^g the tube and the prism, we may probably be left 
in doubt aa to the »tuation of the bleeding vessel to the ex- 
tent of a quarter of an inch. But it is surely calculated to 
increase the chance of safety to the patient, to be enabled to 
conclude, that in one certain small arc of the surface the cause 
of danger is situated ; for, this being determined, a small cau- 
tery, corresponding to the opening of the speoolum, which in-. 
eludes the open bloodvessel, could readily be made to traverse 
the isolated portion of the surface, and so to seal the issue of 
the blood. Or, suppose the case under examination to be one 
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of fistula, the knotty question as to the existence and situation 
of an internal opening can hereby be cleared up. Search being 
made in the manner above described, and with the joint advan- 
tage of touch and sight, the internal opening, if there be one, 
can scarcely foil to be detected ; and when discovered, attempt 
might be made to seal it by the cauteiy or caustic before hav- 
ing recourse to a serious operation. Thanks to Mr Liston and 
Dr Fi^ao, the practicability of effecting the occlusion of even 
large fistulous openings by such applications is no longer a 
problem ; and there is no need of argument to prove the 
immediate mitigation of fistula in ano which must follow 
upon shutting off its communication with the interior of the 
bowel. Thereby the noisome character of the disease would 
be removed, the constitution would be relieved from the 
irritation of a foul discharge, and the oase be at once con- 
verted into a simple abscess capable of going through a mild 
process of healing. It will he obvious, from an inspection of 
Fig. 5, that by means of the pinching-screw /, the outer priam 
and its connect ing-ring p may be applied to any other size of 
speculum ; and the handle m, which is made to unscrew, may 
be fixed in luiy of the holes ^n formed in the ring for that pur- 
pose, should it be found convenient to alter its position or to 
transfer it to the band of an assistant without removing the 
instrument. 

It is unnecessary to multiply illustrations of the simple me- 
thod of observation explained in this paper, and I would only 
remark, with reference to the speculum for the uterine pas- 
fl^e, that by this way of obtaining observation in the diseases 
of females, the withdrawn position of the light is calculated to 
lessen the misery to them attending all professional interfer- 
ence. In such cases, by having a prism appended to the glass 
aperture of a small lantern, the patient's apartment might be 
darkened to any desired extent. 

Jt may be, that nty confident anticipation of adapting the 
prism to the examination of the avenues meeting in the throat, 
have led me to use expressions which to some may savour of 
hyperbole. If I have exposed myself to such a charge, the 
inaccuracy is unintentional, and the instruments produced 
afford ready opportunity of testing the characters ascribed to 
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them. Upon a first examination, the observer will be apt to 
be satisfied with an indistinct view of objects which he has 
been need to regard an beyond the teach of obaervati<«i, and 
the full power of prismatio illumination will therefore not at 
once be appreciated. Those who have discovered objects 
through the difierent tubea produced only in a shadowy and 
shrouded light, can have but a very inadequate idea of the 
much greater satisfaction attainable by the proper adjustment. 
It will convey a notion of what is meant, when I mention that 
through a tube of two feet in length and half an inch in bore, 
I can discern, by a good light, slender initials impressed on 
red eealing-wax, a test as sufficient as any ever likely to be 
required for recognising disease in the living body, be it in the 
stomach itself. 

Although in this oommunication I have confined myself i^o 
the consideration of prismatic illumination as applied to the 
subjects pertaining to my own profession, it will readily oocor 
to the members of this Society, that it may be employed with 
equal advantage in any department of the ai:^ where light 
could be used to test the interior condition and soundness of 
straight narrow cylinders, such as valuable ordnance, &c., and 
also to some extent of tubes joined together at an angle. 

Adam Waeden, M.D. 

3 Baxibb'b Place, Edihbdbob. - 
12lft April 1844. 



Report of Commit'tee of the Bojal ScottiBh Society of Arts on Dr War- 
den's employmeDt of the Totallj Reflecting Prigm for illuminating the 
open Cavities of the Body, with a, view to facilitate the examiaation 
of disease, and the application of remedial means in such situatioDB ; 
illustrated with an. Ear " Speculum" adapted to thia method of obaeiv 

Committer, — Dr Tnull, Dr Douglas Maclagan, Dt Cowsji, Dr Raii»- 
fcrd. Dr Ransford, Convenar, 

The Committee met on Wednesdaj, I5tb instant, uid carefully ex- 
amined this adaptation of the prism ; they found, that, in narrow pas- 
sages, such as the auditory canal, the invention was peculiarly fitted to 
assist in the discovery of disease ; and, from the reports of other medi. 
cal men, that it was found to be equally satis&ctory in eiamining Other 
cavities of the human body. 

Dr Warden also laid before the Committee various surgical iostru- 
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menta, in which the prism naif be osed with great advantage ; and the 
Committee have no hesitatioii in aseerting, that this ia a most ingentoui 
and useful mode of throwing light, either natural or artificial, in all cosei 
IB which " Specula" ore employed. 

The Committee unanimously recommend it to the favourable oonsi' 
deration of the Royal Scottish Society of Arts. 
Signed in name of the Comnuttee. 

(Signed) Charles Haubvokd. M,D., Y.'RS.B.A., 
Cvmiener. 
Edisbubsh, May 23. 1841. 



Comparative j4nal}/sis of Recent and Fossil Bones. 
By J. MiDDLETOK. F.G.S. 

TO RICHAnD PHILIPS, ESQ. 

Dear Sib, — Having lately devoted some time and attention to 
the analyses of bones, both recent and fossil, [ trust some of the 
results at which I have arrived may not be unacceptable to the 
readers of the Philosophical Magazine. I took up the subject with 
the view of ascertaining, if possible, the law by whidi fiuoride of 
calcium becomes augmented or developed in fossil bones ; as, should 
this be established, on important step would, I conceive, be thereby 
made towards the ascertainment of geological time. 

That fossil bones contain fluoride of calcium In greater quantity 
than recent ones, is a fact which has long been known, though here- 
tofore not adequately explained. One theory proposed to account 
for it on the hypothesis, that the source of fluorine in animals is 
their food, and that in former times it must have contained a greater 
quantity of the substance than it does now ; and thus the bones of 
animals then living came to possess it in a higher proportion. To 
thia theory, however, I felt unable to consent, as, in order to entitle 
it to oredence, its supporters should, in my opinion, be prepared to 
shew that fluoride of calcium is capable, trora its nature, of occupying 
the place, and discharging the functions of phosphate of lime in liv- 
ing bones, without detriment to their health and strength ; as also, 
that if a greater quantity of fluoride of calcium were present in the 
food of animals, a greater proportion would bo absorbed. To as- 
same these is to assume too much, the more especially as the gene- 
ral constancy and uniformity of Nature is thereby opposed, who, 
having her own materials to select from, and to woii with from the 
beginning, is as little likely to deviate in the constituent elements of 
things, as in the laws by which the things themselves are governed. 

It is, perhaps, unnecessary to examine other explanations leas 
generally received, though all equally exceptionable ; sufGce it to 
say, that, UDsatisGed wil£ them, I was induced to seek for another. 
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In this search it ocoarred to me that fiuortae might exist in Aommon 
water ; and, if so, that its accumulation in fotisil bonea would be found 
to be the result of infiltration, as with carbonate of time, peroxide 
of iron, &c. In order to ascertain whether there was an; foimd»- 
tion for this view, I examined the following suhstances, and found 
them to contain fluorine, some in greater, some in less pi-oportion :— 
1. Deposit in a chloride of lime vat. 2. Deposit in a water-con- 
duit pipe of a coal-mine. 3. Stalactitic deposit from the old red 
sandstone.* 4. Deposit in a wooden pipe for conducting water from 
a building. 5. Deposit in a kettle used solely for the boiling of 
water. 6. Portion of a vein of sulpburet of barytes from the old 
red Buidstone above mentioned. 7- Fossil wood from E^pt, foB> 
silized by infiltration of carbonate of lime. 8. Fossil wood &om 
Egypt, fossilized by infiltration of silica.t 

I no longer entertained a doubt as to the source of fluorine ia 
recent bones, and of its accumulation in fossil bones. The fact 
which my inveEtigation also disclosed to me, tIx. that fluorine is not 
confined to the bones of recent mammalia, but exists also in those 
of birds and reptiles, as also in the shells of moUusca, was also thus 
accounted for. Indeed, the last fact is alone enough to prove that 
the source of fluorine must be as generally diffused as water is ; 
while the reception of that substance by the organism being secured 
and placed beyond the dominion of tastes or caprice, seems to elevate 
in importance the function which it has to fulfil. 

I shall now proceed to detail a few of the analyses made in pro- 
secution of the object with which my investigations were begun. My 
inferences as to the geological bearing of the results have already 
been submitted to the Geological Society. 

^rtt, ColottiKhylua atlas of the Sewalic Hills — entostemal bone 
of the sternum, Caut. and Falc. ; phosphate of lime, 64-95 per cent. ; 
carbonate of lime, 22-36 ; fluoride of calcium, 11-68 ; peroxide of 
iron. 1-00. 

Second, Fossil ruminant of the Sewalio--— phosphate of lime, 
7800 per cent. ; carbonate of lime, 1 1-34 ; fluoride of calcium, 
1065 ; peroxide of iron, trace. 

Third, A fossil horse of the Sewalic — phosphate of lime, 68-46 
percent.; fluoride of calcium, 11-24; carbonate of lime, 28-80; 
peroxide of iron. 0-60. 

Fourth, Fossil camel of the Sewalic — phosphate of lime, 62-86 
per cent.; carbonate of lime, 26-23^ fluoride of calcium, 11-16; 
peroxide of iron, 0-76. 

Fi/th,^ Fart of a fossU alligator, Sewalic — -phosphate of lime, 

* Cont^ned about S per cent, of fluoride of calcium. 

T A minute trace orduoiiue. 

t l^estateof tbisfoaail differed essentially from that of the foregoinc; 
they being soft and friable, hard and refractory, and havins quite a mi. 
neral character, 
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76"79 per cent. ; carbonate of lime, 7'40 ; phosphate and peroxide 
of iron, 8'67 ; fluoride of oalcium, 4*85 ; carbonate of magnesia, 
1-76 ; silica, 1-60. 

The above are analyses of a few of several Hpecimens furnished to 
me by Dr Falconer, a gentleman whose love of science and perse- 
verance in its cause are only equalled by the cordiality with which 
he encourages and assists others engaged in scientific pursuits. 

Sixth, Iguanodon of the Wealden — phosphate of lime, 35'36 per 
cent.; carbonate of lime, 19'59 ; fluoride of calcium, ll'Sl; in- 
soluble silicates, 8'75 ; chloride of sodium, 1'26; soda, 2'&0 ; mag- 
nesia and chloride of magnesium, 3*50 ; alumina and peroxide of iron, 
6-91 ; organic, 10'71. 

Seventh, Becent shells — carbonate of lime, 99'0l per cent. ; 
chloride of sodium, 0-20 ; fluoride of calcium,* tissue and loss, 0-79- 

Eighth, Sea urchin of the Miocene from Malta — carbonate of 
lime, 98*12 per cent. ; chloride of sodium, 0*48 ; insoluble silicates, 
0-80; fluoride of calcium, 0'5&. 

For the interesting subjects, of which the following are analyses, 
I am indebted to the kindness and courtesy of the authorities of 
University College. It will be readily seen how important they 
were to the investigations with which I set out, as also how directly 
they bear upon the truth to which my investigations led me, viz. 
" that fluorine in fossil bones is a product of infiltration." 

The first of these analyses, and the ninth in order, is that of a 
Greek skull, its age being about 2000 year.s, as indicated by a coin 
found under the javr, and which, according to usage, had no doubt 
been plaoed in the mouth of a corpse previous to burial. The bone 
had so far assumed a fossil character as to bo friable ; easily pul- 
verized in a mortar, and having a faintly pinkish tint, due to the 
presence of the peroxide of iron. The following were found to be 
its constituents : — 

Phosphate of lime, 7001 per cent. ; carbonate of lime, 10-34 per 
cent.; fluoride of calcium, 6'04 ; oi^anic matter, 9"97; insoluble 
acids, 1'68 ; soda and chloride of sodium, 1'15 ; phosphate of mag- 
nesia, 1'34 ; peroxide of iron a small quantity, 

Tenthy Skull of an Egyptian mummy — organic matter, SS-SOf 
per cent.; phosphate of lime, 6076; carbonate of lime, 6*01; 
fluoride of calcium, 2'36; phosphate of magnesia, 1*14; soda and 
chloride of sodium, 1-12. 

Eleventh, Analysis of a portion of a skull lately recovered from 
the wreck of the Royal George. This bone had undergone but little 

* The quaotitj too small for estimation. 

t I can only account for the large proportion of organic matter, and 
the imall proportion of carbonate of iime, by fupposmg them to be the 
results of the procesB of embalming. 

VOt. XXXVII. HO. LXXIV. OCTOBER 1844. T 
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change ia Appearance from its normal state, while it had all the 
tenacity of recent bone. It bad, however, a slightly yellowish tinge, 
and the cells between the plates were charged with a white eubstance 
which, when examined, was fomid to consist of chloride and oxide of 
magnesium. The following were its constituents :— 

Organic matter, 31-59 per cent.; phosphate of lime, 50'58; 
carbonate of lime, 9'83; fluoride of calcium, 1*86; soda, 1*08; 
Ghloride of sodium, 2'42 ; magnesia and chloride of magnesinm, 
3-60. 

l^el/th, Analysis of a portion of a recent skull — Organic mat- 
ter, 33-43 ; phosphate of lime, 51-11 ; carbonate of lime, 10-31 ; 
fluoride of calcium," 1-99; soda, 1-08 ; chloride of sodium, 0-60 ; 
magnesia and phosphate of mt^esia,| 1-67. 

It is perhaps unnecessary to add more to these analyses than the 
statement that they have been performed with great care, and that 
to these, and congeneric inqaiiies, I hare devoted some months ; while 
pursued as they were in the Laboratory of University College, I had 
the advantage of most able advice and assistanee.t — I am, &c. 

J. MmnLETOif. 
LoHOon', June 7. 1844. 
— Philoiophical Magadne No. 164, j>, 14, 



On the Occurrence of Fluorine in Recent as well as in FosnU 
Bones, Sy Charles Daubsny, M.D., F.R.S. 

Having, in the course of the preceding spring, paid a visit to the 
deposit of compact phosphorite, which occurs in the province of 
Estremsdura in Spain, I was subsequently led to examine into the 
chemical constitution of the mineral which forms the prevailing in- 
gredient of the vein to which my inquiries bad been directed. 

The results of my examination have already been reported in the 
memoir communicated by my fellow-traveller. Captain Waddington, 
B.N., and myself, to the Geological Society, with respect to the 
rock in question, and read at their meeting on the 17th of January 
last ; from which it will be seen, that the mineral, although not 

• So far as an inference may be drawn from qualitative indications, 
tiie bone of » fcetus of 61 months, contains as great a proportion of 
fluoride oi that of an adult i an interesting fact, and not, I believe, pre- 
viously noticed. 

t If none of the magnesia existed in the bone as phosphate, which 
there is much reason to doubt, the phosphate of lime would be increased 
about 1 per cent. ; and the fluoride of calcium would be, therefore, pro- 
portionally diminished. 

I The results of MM. Oirardin and Freisser's analyses of ancient and 
fossil bones will be found In Phil. Mag. s. 3, vol. xxiv., p. 18. — £i>> 
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being crystallized, it ia somewhat variable in its composition, yet, 
when selected as pure as possible, contains as much as 61 per cent, 
of phospate of lime, and 14 per cent, of fluoride of calcium, the r&- 
mainder appearing to consist of silica and peroxide of iron. 

The conclusion arrived at, with respect to the compact form of 
mineral phosphate of lime occurring in the above locality, coupled 
with the reports of other chemists to the same effect relative to the 
crystallized apatite, naturally led me to speculate as to the final 
causes of the apparently constant association of fluoride of calcium 
with earthy phosphates, amongst the older materials of the globe, 
and to ask myself, whether it might not bs possible, that fluorine, 
as well as phosphorous, fulfllled some hitherto unexplained office, 
in the economy of those organic beings, for the sake of which such 
mineral matters may ho conjectured to haje been treasured up in 
the rock formations from the beginning of time. 

These reflections brought to my mind the resewches of Morichini 
and of Berzelius, with respect to the esistence of fluorine in hones, 
seeing that the latter, according to the concurrent testimony of both 
these philosophers, appear to contain, as a constant ingredient, a 
minute quantity of fluoride of calcium, inasmuch as its presence is 
vouched for by them, in recent as well as in fossil bones, and in the 
teeth of mammalia, as well as in other parts of their osseous struc- 
ture. 

Here, however, I was compeUed to pause, by observing the con- 
trary statements put forth by other able chemists relative to this 
point. Foorcroy and Vauquelin having, previously to the re- 
marches ai Berzelius, denied the existence of fluorine in recent 
bones ; and Sr Bees having, subsequently to them, in a memoir 
drawn np under a full knowledge by what had been done before, 
arrived at a conclusion equally opposed to that of the Swedish phi- 
losopher.* One too, which has been since corroborated in a com- 
munication relative to the composition of bones, made to the French 
Institute, by Messrs. (lirardin and Freiseer of Rouen, and lately 
published in the Comptes Rendua.^ 

As, however, none of these gentlemen appear to dispute that 
flucHrine does occur in yo«<i^ bones generally, the conclusion they have 
arrived at leaves the subject, it must be confessed, encumbered with 
greater difficulties than before ; for as all sound chemical analogies 
stand opposed to the admission of the idea, that fluorine can have 
been generated from the other constituents, during any process of 
decay or alteration that might have occurred in it during the ages 
that had elapsed since it formed a part of the living structure, we 
should be driven to the belief, that die fluoride of calcium contamed 
in bone had filtered in from withont ; a conjecture which, although 



• See Phil. Mag. S. 3, vol. iv. p. 558. Ed. 
t Ibid. 8. 3, VOL xxiv. p. 154. Ed. 
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perfectly jJauBibU, if tbe sonenrrence of this ingredient had kwn 
casual, or had been limited to bones found in rocks of a certain ig* 
or composition, seemed rather a Tiolent one, when extended to those 
of all agea and formations, being Ecarcelj reconcileable with the raritj 
of the miiieraJ itself in the waters of springe, and its sparing n>ln- 
bilitj in most re-agents. 

These ditiliculties that occurred to mj mkid, no less than the 
weight I attached to the positive testimony of the great Sfredith 
riiemUt, in favour of the existence of fluorine in recent bones, in- 
duced me to consider, whether it might not be possible that certain 
circunistsnces bad operated in the mode of conducting the experi- 
ment, by which the presence ef fluorine, in the hands of the chemists 
who adopt the opposite conclusion, escaped detection. 

And, on further investigation, it appeared to me, that two ingre* 
dienta naturally present in recent bones might have interfered with 
the result in the instances alluded to. 

The first of these is animal matter, which, owing to the strong 
affinity it possesses for fluorine, may arrest its eso^e, and thus pre- 
vent it from coming into contact with the glass ; the seeondr salts Mm- 
taining any volatilizable ingredient, such as the carbonic or murtatie 
acids, which would be disengaged by the same agent by which the 
flnorine was set at liberty, and which, escaping in a rapid current, 
might carry the latter along with them, before it could have time 
to exert any sensible action upon the glass suspended over it. 
Accordingly, I found, that whilst one-tenth of a grain of fluor spar, 
mixed with morethan 100 grains of any earthy mineral, occasioned, 
under the action of sulphuric acid, an easily discernible, though 
faint corrosiun, on the exposed parts of the glass, the same quantity 
produced no eifect whatever, when mixed with 5 pen cent, of carbo- 
nate of lime, or with a little gelatine ; and that bi^f a grain of 
fluor spar, and the earth, when mixed with gelatine, caused a trace 
on glass not much more distinct than that occasioned by one-tenth 
of a grain without this admixture. 

In testing, therefore, the bones and teeth which I had obtained 
for examination, I did not choose to content myself with merely 
adding sulphuric acid to the pulverized specimen, but I began by 
burning off all the animal matter ; and then, finding that carbonic 
acid still in part remained, I dissolved the earthy residuum in muri- 
atic acid, and threw down, by means of caustic ammonia, the earthy 
phosphates. 

The latter, after being well washed and dried, were treated with 
concentrated sulphuric acid in a platina crucible, covered over by a 
plate of glass, shielded, except on the parts intended to be acted 
upon, by a coating of wax ; but no artificial heat was applied, as the 
sulphuric acid, by its action upon the phosphate, raised the temper- 
ature sufficiently to expel whatever fiuonc amd might he present in 
the specimen. 
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The glass was allowed to remain as a coT«r to tbe platinft crucible 
for at least two hours, and In order to insure the condensation upon 
it of the hydrofluoric vSipour, a rim of was was placed round the 
mai^n of the upper surlace of the glass, by means of which a small 
portion of w&ter might be kept the whole time in contact with Jt, 
BO as to maintain a suitably low temperature. 

That tJiese precautions were not unnecessary, I satisfied myself 
by observing the difference in the degree of corrosion produced by A 
fossil bone given me by Dr Buckland from the cave of Kirkdale in 
Yorkshire, when thug purified from tlie animal matter by which its 
long interment had not yet deprived it, as well as of its carbonic 
acid, aa compared with the same when treated with sulphuric acid 
without having undei^one such a preparation. 

In proof of this I submit to the inspection of members, specimens 
Ko. 3, and No. 4 ; the one ehewing the glass corroded by a Kirk- 
dale bone, deprived of its animal matter and carbonic acid ; the lat- 
ter, by one retaining both. Operating in this manner, Z have suc- 
ceeded 'm engravmg upon glass, not only by means of fossil bones 
from Stenesfield, from Montmartre, from the cave of Kirkdale in 
Yorkshire, and from that of Gailenreuth in Franconia, specimens of 
all which were supplied me by Dr Bucklaud ; but likewise with th« 
hone of some quadruped that had beeu lying for a long, but unknown 
time, exposed to the weather in the soil of our Botanic Garden ; 
with the vertebra of an ox recently killed ; with the tibia of a human 
subject from an anatomical cabinet at Oxford ; with the teeth of an 
OK just killed ; and with human teeth of recent date. The markings 
differ widely in the degree of their distinctness, and are, in some 
instances, so faint as hardly to be discerned except by day-light ; but 
I have convinced myself, that they caimot be attributed to the dis- 
engagement of phosphoric acid, as the same glass was in no degree 
affected by the fumes proceeding from the action of sulphuric acid 
upon pure phosphate of lime, where the acid had been derived from 
the direct combustion of phosphorous, nor, for a long time at least, 
by the vapour of free phosphoric acid exposed to a heat sufficiently 
great to fuse and partially to volatilize it. 

Nor was it dependent on any peculiarity in the nature of the 
glass, for plate glass was corroded in the same manner as the crown 
glass, more usually employed. 

By the oldest and most fossilized specimens, the glass seemed 
undoubtedly to be the most deeply etched; yet even here there 
occurred exceptions, for the marks caused by a bear's bone taken 
from Gailenreuth, are the faintest in the whole series, and were 
produced only after a long exposure to the acid vapours, two trials 
having proved unsuccessful; whilst, on the other hand, the tibia of ft 
human subject gave indications almost as distinct as any of the 
fossil bones operated upon. 

Jt would doubtless have been more satisfactory if I could have 
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rtated the proportion of fiaimoe in these samples of bones and teeth, 
as well as the fact of its actual presence, and hlewiee if I had at- 
tended my examination over a larger namber of specimens ; but I 
have been compelled to postpone the former part of the inqutrj nntil 
I could obtain an apparatus suitable for the purpose, and doubted 
when my time would permit me to oarry further the preeent inves- 
tigation, if, in order to give my resolts in a state of greater com- 
pleteness, I n^lected £« present opportunity of communicating 
them.* The only criterion, therefore, I am at present enabled to 
offer as to the proportion of fluorine in the bones examined, is a 
comparison of the depth and dislinctnesB of the marks ja^oced by 
the latter, with those caused by a certain amount of fluor spar, 
mixed with a weight of phosphate of lime, or other earthy matwia), 
equal to that present in the bones operated upon. Judging by this 
rough mode of measurement, it would appear, that in several b- 
Btaoees the faintness of the marks shews a smaller quantity of fluo- 
rine to have been present in the specimen, than would have been 
contained in a mixture of one-tenth of a grain of fluor spar added 
to 100 ^ains of phosphate of lime. 

The existence of fluoric acid, as a constant, or at least a common 
ingredient in bones of all ages, would seem, a prwti, to be much 
more probable than its absence in recent bones would be, if its nor- 
mal presence in fossil ones be admitted, for we can readily under- 
stand its finding its way into the animal structure through the 
medium of plants, which may imbibe it along with those phosphates 
with which it is so generally associatecL Indeed it seems so likely, 
that those vegetablM at least that contain much phosphate of lime 
should possess a trace of it, that I am at this very time examining 
the ashes of barley with reference to the latter point t 

The greater distioctness of the marks prodaeed by the fossil bones 
acted upon than by the recent ones, may be more difficult of expla- 
nation ; but before it is urged as an objection against the view taken, 
it should be determined whether the difference may not arise from 
the removal of the greater part of the animal matter from the fossil 
bone, owing to its long intennent in the earth. Of the six Sf9a- 

* I have since, by the aid of the apparatus described in the former 
not«, attempted to estimate the amount of fluorine in the fossil bone 
from Slonesfield, and in the recent human bone from an anatomical 
cabinet. The former afforded 8'7 grniDs per cent, of fluoride of calcium, 
the latter only 2'0, reBults which will at least indicate the relalive, if not 
the ahtolvte quantity of fluorine present. 

t I have Bmce aBcertuned that no sensible action is exerted on glass 
by heating trith sujpburio acid the earthy pho8phat«B present in 12 lbs. 
rf barley. Sprengel, I find, had already suggested the probable ocour- 
renceof fluorine in plants, but conceives that it exists in such a state of 
combination, as causei it to be dissipated by the heat necessary for ex- 
pelling the carbonaceous matter, and therefore cannot be detected in 
the ordinary method. 
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meDS of fossil and recent bonea of which I made a rough analysis, 
that irom Stonesfield, which was the oldest of aoj, having been im- 
bedded in a secondaiy rock belonging to the oohte formation, lost, by 
exposure to a^heat of 212°, 42 per cent. ; by a furthw heat of about 
600°, 5'0 per cent more, and by increasing the temperature to a red 
h«at, only 1-8 percent, in addition, the latter probably representing 
rery nearly the amount of animal matter remaining, tJie two former 
numbers the water retained within the bone. 

Proceeding upon the same data, the bone from tertiary rocks of 
the Paris basin, next in the order of antiijuity, would contain 10 
per cent, of water, 2 of animal matter ; the bone from Gailenreuth, 
water 13.9, animal matter 5.0; that from Kirkdale 12.6 water, 11 
animal matter ; whereas the recent bone picked up in the Botanic 
<irarden contained, even when dry externally, about 30 per cent, of 
water, and 1 1 animal matter ; and the human tibia, which had been 
kept in an anatomical cabinet for a certain time, gave out 23 per 
cent, of water, and 17 of animal matter. 

It may also be suggested, as a possible explanation, that the 
fluoride of calcium distributed through the mass has, in the course 
of time, become collected into little nuclei in certain parts of the 
bone, and for this reason may allow of a more ready disengagement 
from it of the fiuoric acid which it contains, as an ingredient. 

That a certain alteration in the arrangement of the earthy particles 
of a bone does occasionally take place after its deposition, is evinced 
from the curious observations, by Messrs Crirardin and Preisser, in the 
memoir which has been already referred to, as these gentlemen state, 
that the bone-earth phosphate appears, in some instances, to have se- 
parated into two distinct compounds, crystals of apatite being recog- 
nised by them in some of the fossil bones in their possession, which 
they conceive to have arisen from the segregation of the trlbaslc 
from the bibasic compound. 

Will not this latter fact also help us towards an nnderstanding 
of the function which fluate of lime may fulfil in the structura of 
bimea, and likewise of the peculiar adaptation of the bone-earth 
phosphate to serre as its prevailing earthy ingredient? 

It seems a general law in both kingdoms of organic nature, that 
crystallization shcnld operate as a sort of antagonist force to the 
process of assimilation, so that no material can be fitted to enter into 
the fabric of a living body, between whose particles the natural force 
of polarity operates with all its energy. Hence, according to Dr Prout, 
the use of the infinitesimal small portions of foreign inorganic 
matter interposed between the particles of most bodies, which form 
the constituents of vegetable or animal organization ; and although 
it may be true, as has been su^eated by Von Buch, that the very 
prismatic form which belongs to the phosphate of lime as a mineral 
species, adapts it for the fibrous structure of bone better than other 
earthy compoimds, in which the axis of crystallization is equal in 
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both directions, yet, even in this case, the tendency to arr&nge itself 
according to the laws which regulate inert matter might operate too 
powerfully, were it not diminished by the association, in equal atomic 
weights of the two phosphates, each of which poBsesses a polarity in 
some degree differing from the other, and consequently, to a certain 
estent, counteracts the disposition in the particles of the other to 
assume a determinate arrangement. 

If there be any truth in these speculations, is it not also coueeiv- 
able, that the interposition of a mineral matter, like fluor-spar, whose 
particles crystallise in quite another manner, that is in cubes, may 
co-operate on the same principle, in imparting that freedom of motion 
to the particles of the prevailing constitutent of bones, by which it 
is rendered more pliant to the purposes of the animal economy, more 
obedient to the laws of life, more ready, in short, to insinuate itself 
into the pores, so as to form the coats of those delicate capillary 
canals, of which the osseous structure t^pears U> consist^ — Pkiloao- 
phical Magazine, vd. xxv. No. 164, p. 122, 



On the Existence of Phosphoric Acid in Rockg of Igneous Ori- 
gin. By George Fownes, Ph. D., Chemical Lecturer in the 
Middlesex Hospital Medical School. Communicated by 
Thouas Gbab^, Esq., F.R.S., &c." 

The important, though obscure, functions attributed to the elft- 
mentary body, phosphorus, both in the vegetable and in the animal 
kingdoms ; and the well known fact, that rocks of nearly every de- 
scription afford, on disintegration, soils ^lore or less uapable of sup- 
porting the life of plants, and from which, consequently, phosphoric 
acid cannot possibly be absent, seemed to render a search for that 
substance, in rocks of igneous origin, generally very desirable, be- 
cause if there found, an easy and satiiifactory explanation of the 
origin and first source of the element in question would be given. 
As I am not aware that any direct researches on this subject have 
yet been made, or at least placed on record, I venture to submit to 
the notice of the Royal Society, the results of a few experiments 
made by myself, which, so far as they go, resolve the question in 
the afGrmative. 

The first substance tried was the fine white porcelain -clay of Dart- 
moor, Devon, the re.^iilt of the disintegration of the felspar of the 
granite of that district. This is one of the chief components of por- 
celain, and of the finer kinds of English earthenware, and was found 
on analysis to correspond very closely in composition with that of 
the material employed in the manufacture of the Sevres porcelain. 

• Phil. Trans. Royal Sec. London. Year 1844. Part I., page 5a 
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It was thought that phosphoric &cid, if present, would bo in corubi- 
nation with a portion of the aiumina ; and aa the phoKphata of that 
earth ig readily soluhle in dilate mineral acids, while the silicate 
olfers great resistance to these agents, mere digestion with acid would 
suffice to extract the whole, or the greater part of the phosphate, 
which could be afterwards precipitated hj an alkali, and examined. 

With this view, 1000 grains of the cla; were boiled daring seve- 
ral hours in a flask with a quantity of pure dilute hydrochloric acid ; 
a lai^e bulk of distilled water was then added, and the whole allowed 
to rest until perfectly clear. The acid liquid was then carefully de- 
canted from the undissolved clay, evaporated in a porcelain basin to 
a small bulk, and precipitated by a slight excess of pure ammonia. 
The scanty reddish precipitate obtained, which consisted chiefly of 
alumina and oxide of iron, was collected upon a little filter, thoroughly 
washed with distilled water, dried, and ignited. It was next reduced 
to fine powder, and mixed with an equal weight of pure silica in a 
finely divided state, and six times as much anhydrous carbonate of 
soda. This mixture was heated to fusion in a platinum crucible. 
When cold, the melted mass was acted upon by boiling water, and 
the soluble and highly alkaline portion separated by a filter from the 
insoluble silicate of alumina. The solution was mixed with excess 
of nitric acid, evaporated to dryness, water added, and the product 
filtered. The liquid thus obtained was divided into two portions ; 
one of these was carefully neutralized by a little ammonia, and mixed 
with a few drops of nitrate of silver ; a distinct yellow precipitate 
appeared which was freely soluble in dilute nitric and acetic acids. 
The nitric acid was mixed with excess of ammonia and some hydro- 
chlorate of ammonia, and a few drops of solution of sulphate of mag- 
nesia added. After a short interval, a orystalline, granular, white 
precipitate, the aramonio-magnesian phosphate, made its appearance, 
which increased in quantity by agitation. 

This experiment, which demonstrates the presence of a smidt 
quantity of phosphoric acid in the clay in a most unequivocal man- 
ner, was several times repeated with a like result. The purity of 
the acids, carbonate of soda, and other materials employed, were 
rigorously tested, and filtration through paper of the original acid' 
liquid purposely avoided, lest a trace of earthy phosphate should 
have been dissolved from the paper. 

The porcelain-clay is extracted from the disintegi-ated granite by 
mere washing with water, and subsidence ; and the water of the dis- 
trict in which it is found, is, in all probability, exceedingly pure. 
It was thought worth while, however, to examine in the same man- 
ner the decomposed I'ock which had not been subjected to any artifi- 
dal treatment, and a specimen taken by myself from the quarry was 
chosen for the purpose. The result shewed the presence of phos- 
phoric acid as in the clay, and apparently to about the same extent, 
allowance being made for the quartz-grains, mica, &o. 
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In the examinatioa of un&ltered felBp&r, J failed, unfortanately, 
in gettiag a conclusive result. The mineral, although reduced to 
Tery fine powder by trituration in a mortar of Swedish porphyry, 
was found to be bo hard and denee as to resist completely the 
action of the acid at a boiling temperature. An insigaificaDt quan- 
tity of oxide of iron waa dissolred out. in which no phosphoric acid 
eould be detected, 200 grains of the powdered felspar were then 
fused with a large excess of carbonate of soda ; the mass was treated 
with water, filtered, the solution supereatniated with nitric acid, and 
evaporated to dryness ; wat«r was then poured upon the residue, and 
the whole placed upon a filter. The solution was then examined, 
as before, for phosphoric acid, but with an indistinct and doubtful 
result. Too small a quantity of the felspar had been used, and the 
mass of nitrate of soda present interfered t«o seriously with the 
action of the tests to render their evidence of any value. A far bet- 
ter mode of investigation would be, to act upon the powdered mineral 
with hydrofiuoric acid, in the manner recommended by some analysts 
in the examination of natural silicates containing an alkali ; not 
being, however, m possession of the necessary platinum vessels, I was 
obliged to abuidon the attempt. 

Other substances were then tried with very decisive resutts. The 
method of ^Nweeding adopted was very mnch the same as that already 
described. The minerals were finely powdered in the porphyry mor> 
tar, and boiled, as before, with dilute hydrochloric acid. All were 
much more readily attacked than the porcelain clay, and yielded 
solutions containing a large quantity of alumina and oxide of iron. 
The liquid was separated from the insoluble part by decantation, 
evaporated nearly to dryness, water added, and then an excess <^ 
ammonia. The copious bulky precipitates obtained were washed 
and digested in dilute acetic acid, which has the property of dissolv- 
ing, with great facility, both oxide of iron and alumina, while it 
leaves untouched the phosphates of those bases. The undissolved 
residue was dried, ignited, fused with silica and carbonate of soda, 
and the product examined in th« manner already described. The 
addition of silica is indispensable to the retention by the whole of 
the alumina in an insoluble condition. Phospliate of alumina is not 
decomposed by carbonate of soda by fusion, or only partially, and is, 
besides, soluble in an aqueous solution of that salt. 

The results of the examination may be thus briefly stated : — 
Hark grey vehicular lava from (Aa Rhine, used at Cologne as a 
building stone, bang exeeedingltf strong and durable. — Enough of 
phosphate of soda was extracted from 1000 grains of this substance 
to exhibit the yellow phosphate of silver, and the phosphate of mag- 
nesia and ammonia on a large scale. The phosphoric acid might 
be said to be very abundant^ that is, comparatively speaking. No 
attempt was, however, made to estimate it quantitatively, as the ope- 
ration is attended with great difficulty, and the result of doubtful 
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value, from the unaToidable errors of experiment bearing too largo a 
proportion to the quantity of the substance. 

White trachi/te of the Draeh«iifele, near Sonn, on the Shine. — 
This rock is apparently as rich in phosphoric acid as the preceding ; 
nothing could be more distinct and satisfactory than the indications 
of the re-agents. 

Dark red, spongy, seoriaeeoits lava from Vesuvius. — This was 
tried in the same manner, and yielded abundnnce of phosphoric acid. 
Compact dark green basalt, or toadstone, from Gavedale, Derby* 
ahire. — This substance was very tough, and difBcult to powder. 
Enough of phosphate of soda was, however, extracted from 760 grains 
of the rock, to exhibit ver; unequivocally the characteristic tests de- 
scribed. 

Dark blackish-green, extremely strong basalt from the neighbour- 
hood of Dudley, termed Rowleg-ragg, gave a very similar result- 
Phosphoric acid is not so plentiful in these substances as in the lava, 
althoQgh its preseaoe is easUy readered evident. 

An ancient phosphgritic lava, containtn^ numtrous crgstals of 
horrUilende from Vesuvius. — This phosphoric acid was here very 
distinct, but not so abundant as in the moro recent lava. 

A specimen of tufa, or volcanic mvd, also from Vesuvius, was 
found to contain phosphoric acid in notable quantity. 

These were all the substances tried ; they were taken, as is at 
once seen, indiscriminately from igneous fonnations of many localities 
and many ^es, and they all, with one doubtful exception, in which 
practical difficulties interfered with the iiiquiry, yielded phosphoric 
acid. It is highly probable, therefore, that this substanco is a very 
usual, although smtdl, component of volcanic rocks. 

It is not unlikely that the remarkable fertility possessed by soils, 
derived from the decomposition of some varieties of lava, may be, in 
part at least, due to the presence of this phosphate in the tadgtnal 
rock, although much must of course be ascribed to the alkali, espe- 
cially potash, which these substances contain, and which is gradually 
brought by the continued process of disintegration into a soluble 
state. There can be little doubt that the matter erupted from time 
to time from the interior of the earth, in a state of fiiaion, is thus 
destined to renew the surface from which the more valuable and 
more soluble components have gradually been removed by the action 
of water and other causes constantly in operation. If it should 
hereafler be found, on a more extended investigation, that phosphoric 
acid, although present in all igneous rocks, is most abundant in those 
of modem date, the fact will thus receive an explanation, the more 
ancient lavas having been most changed by the slowly-acting and 
almost imperceptible causes in question. One might he attempted 
to consider lava as a kind of fundamental material, from the subse- 
quent alteration of which all others are derived, and expect it to 
contain, here and there at least, traces of all the elementary bodies 
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known, even those moBt rare. In the present case, it cannot be al- 
together devoid of interest to trace to its firet sonrce the enormbm 
quantities of phosphoric acid, for the most part locked up in a tem- 
porarily insoluble condition in the vegetable and animal kingdoms, 
and in the varioos strata of calcareous and sadimentarj deposits, in 
the formation of which, organized beings have played so prominent 
and important a part. 



An Atc&iatt of Eleetrieal Eceperimentt. By Mr B. Adib, Liver- 
pool. Communicated by the Author. 

Among the details of the experiments as originally drawn up by 
tne for publication, in the 70th and 71st Numbers of Jameson's 
Philosophical Journal, I had some which shewed a molecular action 
in the joiat of M. Pelletier's cross, when subjected to the continued 
influence of a feeble electrical current for six weeks. Ultimately, 
these experiments were withdrawn from the first series submitted for 
the consideration of your readers ; for I failed in an attempt to det«ct 
any action on the galvanometer, &om the slow mechanical fractnre 
of a thenno joint, and the disappointment in this experiment made 
me desirous of examining more at leisure the details of the subject. 

The results I have now to offer, appear to me to lead by steps to 
^ie explanation of the sources of the electrical currents noticed by M. 
Felletier ; but I regret that they do not confirm an observation d»> 
duced from his original experiments, namely, that a current of eleo- 
tricity, in passing from one metal into another, can, under some cir- 
cumstances, lower the temperature of the joint below that of the sur- 
rounding atmosphere ; or, in other words, can produce cold. It will 
be seen that a given current of electricity may heat a joint 12°, by 
passing through it in one direction, and only 2" when passed in an 
opposite direction ; but in no instance is the temperature ever re- 
duced below that of the apartment where the investigations are car- 
ried on. Another result which these experiments go to prove, and 
to my mind the more important of the two, is, that an electrical 
current, in passing across any medium, heats the part where it en- 
ters higher than the part where it quits the medium. 

85. To the extremities of a galvanic battery of ten pairs of zino 
and silver plates, superficies o( each plate in action about 60 inches, 
two small platina capsules were attached by bands or ribbons of cop- 
per, so that these capsules could be used as a pair of decomposing 
poles. They were then inserted to about two-thirds of their depth, 
in acidulated water, with nearly a superficial inch of surface in sc- 
tioD as a decomposing pole. On completing the circuit, a brisk de- 
composition commenced, which kept the platina surjaces well covered 
with gas bells. Inside the capsules, I had two delicate thermometers. 
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with a Btnatl quantity of water, Bufficient to cotst their bulbs. Both 
thermometers soon indicated an elevation of temperature, the one in 
the positive capsule standiog the highest ; after 15' action, the ob- 
served temperatures were, — apartment, 42° ; negative pole, 69° ; 
positive pole, 62° ; in this case, the capsules were 2^ inches, as 
under ; on approaching them together, till nearlj in contact, the ra- 
pidity of the decomposition increased ; and afler a siiuilar interval 
of 16', the negative pole was 62° ; the positive, 66°. The temper- 
atures stated wei-e verified by counter -experiments, with the poles 
reversed, to guard against any error whicli might arise from inequal- 
ity in the capsules, or in the extent of their sur&ces in action. 

The next experiment was made with the same battery, and it 
was designed to ascertain if the double volunin of hydrogen evolved 
at the negative pole, could occasion the reduction in temperatnre 
there noticed. The platina capsules were replaced by two larger 
copper ones, superficies in action 3^ inches ; these were made to de- 
compose in a saturated sulphate of copper solution, where there is no 
gas given off ; the thermometers were arranged as for the first re- 
sults. The temperatures observed, after an interval of 15', were, 
for the room, and a. large vessel containing a solution of sulphate of 
eopper, 46° ; negative pole, 46° ; positive pole, 47° ; the small bulb 
of a thermometer placed betwhct the two capsules 46°; connter-ex* 
perimentS) like those for the nrst set, were made, to verify these 
small differences of temperature. The extent of the changes could 
not be expected to approach those given for the platina capsules, 
where the surface in action was 3^ times less, with the resistance to 
conduction greater. 

36> A piece of platina wiret 1^ inches long, was connected by two 
itoat copper wires, with the poles of a five pair galvanic battery, 
which I found sufficient to keep the temperature of the platina at a 
full red heat ; in this common experiment there is always a portion 
of the thin wire, where it joins the stout copper wire, which remains 
dark, the present operation was arranged, to ascertain if the dark 
portions on both sides were equal ; to prevent the interference of cur- 
rents of air, a glass shade was used to cover the whole. 

F, fig. 1, is the stout wire from the positive Fig. i. 

pole ; 'S, the negative wire ; A, the dark por- 
tion of the platina wire on the positive side, 
which always appeared shorter than the dark 
portion C, on the n^ative side ; B, the incan- 
descent part of the wire. I reversed the poles 
and repeated this experiment several times, al- 
ways with the same result. To me it appears b> 
be the readiest proof of the difference of tem- 
perature betwixt the extremities of an electri- 
fied wire ; but, as it is impossible to give measurements of the ra< 
lative lengths of the dark parts A and C, I removed the thin wire 
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A G, and in lien placed a bar of bismath, 8 inoliea Ityag, and .2 of 
an inch square. The naked bulbs of two small tbennometera were 
put, one near each end, touching the upper surface of the bismntfa, 
and fastened down to the bar hj a single fold of thick soft dotb tied 
round with thread ; this effectuallj prerented the expoeare of anj 
part of the bulbs to the air, while the eoverings of both were aa 
□earlj as possible equal. I ma; here mention that I have found 
this method of applying thermometers to test the tomperaturee of 
different parts of electrified bars, worth; of ever; reliuice; for, in no 
instimce, through a number of trials, baa the result of the reversed 
poles ever contradicted the first differences in temperature shewn. 
The bismuth bar, with its attached thermometers, was allowed half 
an hour to settle in temperature, then it was connected to a batter; 
consisting'of a single pair of zinc and silver plates, superficies in ac- 
tion 42 inches ; after an internal of Stf, the observed temperatures 
were, — ^room, 46°; positive end, corresponding to A, fig, 1, 60°; 
negative end, 64°. Another trial, room, 60° ; positive end, 60° ; 
D^ative end, 66° ; shewing a difference of 6° betwixt the two ex' 
tramities of a bismuth bar, when conducting tiie electricity from a 
single pair of plates. 

A still more marked effect, due to an electrical current, nus- 
ing the temperature h^her at the nart where it enters a medium, 
is given b; FroFessor Baniell. " There is another well established 
and remarkable effect of the heating power of the voltaic current, 
which is as jet unexplained. When the conducting wires from a 
powerinl batter;, cross one another, and are brought in contact, upon 
separating them to a short distance, a flame will appear between the 
two, and the zincode (the positive pole) will become red-hot, and 
that ctmnectvd with the generating metal (the negative pole) will 
remain dark, and oomparativel; cool. This effect is constant, td 
whatever metal the conducting wires may be made."* The experi- 
ment quoted, appears to me to diffw on!; in degree from those 
given for fine platina wire, and a bar of bismuth ; a powerful current 
of electrioit; has to pass through a short space of air; where the 
resistance to conduction is great, the side where it enters is highly 
heate<], while the side where it eseapes from the bad conductor re- 
mains oooL 

37. For the forgoing experiments, the wires which carried the fluid 
firom the battery to the bars of metal, where the difference of tem- 
perature were examined, offered less resistance to the passage of the 
electrici^ than those bars. I, therefore, wished to try the effect of 
conducting wires, which would offer a greater resistance to conduc- 
ti6n than the bars tested. 

Iron wires were attached to a single pair batter;, superficies of 
each plate in action 42 Inches, and an 8-inch copper bar 2 of an 

• See Darnell's Introduction to Chemical FbikiBOpb;, page 472. 
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inch square, with 2 attacbed thennometers, was arranged in every 
way the same as in the experiment with the bismuth bar. The 
observed temperatures were, room 49° ; positive end &0 J° ; negative 
60.° The same experiment repeated with a 2 pair battery— room 
45° ; positive end 49° ; negative end 48°. 

The iron conducting wires were changed for lead ones, and the 
current derived from 1 pair passed through the copper as before ; 
the observed temperatures were, room 49°; positive end S5° ; n^ja- 
tivo end 56°, In these experiments, the temperatures of the con- 
ducting wires and bars must act and re-act on one another through 
their metallic contact. In the iron wire the resistance to conduction 
is not sufficient entirety to counteract the natural action of the 
electricity on the bar of copper ; but with lead conducting wires, 
wha^ the resistance is increased, the n^ative end is 1° warmer 
than the positive ; at the negative end the electrical current has to 
enter load, which it heats considerably, on account of its bad con- 
ducting power, tlie lead re-acts on the copper, and produces this 
apparent elevation of temperature at the negative pole of the copper 
bar, which ie due to the electrical current entering into a lead bar, 
or acting on it as a positive pole. With bismuth conductors, the 
diange would, I apprehend, be still greater. 

In these experiments, electricity passes through matter in its three 
different conditions of gaseous, fluid, and solid, and in all of them 
heaU Hie part where it enters higher than the part whtre it qtats the 
medium, 

38. Figure 2 represents one of M.Pel- ^'«- '■ 

letier's crosses. BD, a bar of antimony, 
8 inchee long, .2 square ; C E, a sunilar ^ 
bar of bismuth fastened tt^etherat their 
centres A, either by soldering, or by 
cleaning the surfaces of the bars whwe 
tbey are in contact and binding them 
firmly together by cord ; H B and I C 
are copper wires soldered to the bars at 
band C, for the purpose of convening a 
current of electricity from a battery ; 
£!Fand DG, are similar wires joined 
ior connecting with a galvanometer. 

When a curr^it is circulated through the joint A in the direction 
B A C, a galvanometer attached to the extremities of the wires F and 
G is deflected, as if the joint A was heated ; but when the current 
is circulated in the direction, CAB, the action on the galvanometer 
is the same as if a piece of ice had been placed on A. This result 
is constant for all electrical currents, at least within the limits of 
intensity given by a thermo-battery, and a 10 cell zinc and silver 
battery. To shew the connection of these currents which act on the 
galvanometer, with the variations in temperature produced by the 
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primary current in its pasa^e along GAB. I made the following 
experiments. 

Two bars of bismuth and antimony, 8 inches bng each, were tied 
together in the form of letter Y, and ribbons of copper fixed to 
their upper ends for connecting with a battery,— the joint of the 
bars was placed in the bottom of a conical wine-glass, beside a 
delicate thermometer, and a small quantity of water, sufficient to cover 
tiie thermometer bulb and the joint. The heating power of a hydro 
current, derived from a single pair used in experiments (37), was 
now tested by obserTing the change of temperature of the wi^r. 
The duration of each trial was SCV, and an interval of SO* intervened 
betwixt every experiment, to allow the temperature of the parts to 
settle. Then the antimony was replaced by a similar bar of copper, 
and another set of results taken. Again lead was substituted for 
the copper, and the beating effects similarly tested. The observed 
results were — 

Battery cnmnt. purine from tba 



:.^1:. 



.(H.. 



The bars used in the foregoing experiments were now tied up in the 
form fig. 2 ; the bismuth bar being connected with each of the other 
3 in the same order as above. A feebly currwit of electricity derived 
from a pair of plates excited by water only, was then passed through 
BAG, and the action on the g^yanometer attached to F and G noted. 
The deflections were not very regular in their extent ; to compensate 
for this, I took the mean of a number of experiments, omitting the 
fractional parts as unnecessary, bismuth and antimony gave 48" 

copper ... 16 

lead ... 8 

Here the action on the galvanometer corresponds with the changes 
of temperature produced by similar joints immersed in water, from 
which I infer, that the currents in M. Felletier's cross are the results 
of differences of temperature only ; and, in a variety of experiments, 
made with thermo joints, I have never seen any evidence of a re- 
duction of temperature or cold. The arrangement which produced 
the widest difference in temperature of a joint heated by a current, 
passing, first, in one direction, then in another, was, when the bismuth 
and antimony couple, used to heat water in a wine-glass, were ar- 
ranged with a.piece of the bar of bismuth projecting beyond the joint 
into the water, which did not touch the bar of antimony. The cur- 
rent passing from the thermo positive metal increased the tempera- 
ture 2°, the contrary current 12°. 

39. The experiments I have now submitted, appear to me to offer 
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an explanation of the apparent reduction of temperature, caused by 
an electrical current pB:Ssing through the crosB, fig. 2, in the direC' 
tion CAB. The bismuth bar is unequally heated (36), the tem- 
perature of the positive, or entering end, being the liigheat, which 
developea a therm o-electricol current, parsing in the direction A C I, 
or left to right ; but the fluid in tlie cells of the battery, comiected 
with the wires H and I, or the resistance in a powerful thermo elec- 
trical Bcource, prevent the current passing in that direction, it Jind» 
lets retistance to its passage through A E F, where the direction is 
vnchattffed; and it acts on the galvanometer, as if a piece of ice bad 
been applied at A, while this joint is in reality slightly heated. Be- 
fore leaving the consideration of M. Felletier's cross, I feel bound to 
state, that should men of science attach any value to the whole of 
tJie series of experiments now placed before them, it was the action 
of the electrical currents on this cross which first occasioned me to 
commence these inquiries. 

40. The elevation of temperature, where an electrical current 
psssee from a good conductor, copper wire, into an inferior one, lead, 
■upplies a ready mode of watching the action of a constant battery. 
For this purpose, the bulb of a thermometer has to be placed upon 
the joint, and wrapped round with a good non-c<Hiductor of heat; the 
height the thermometer stands above the temperature of the room 
indicates the activity of the battery. 

The annexed fig. 3, is a representation of this calorific galvano- 
meter. A A, a thermometer. 

B, a bar of metal, a good rig. 8. 
conductor of electricty. 

C, a similar bar of 
metal, a bad conductor. 

D, the joint of the 
two bars, where they 
are either soldered, or 
tied together. 

£, the thermometer 
bulb placed in contact 
with the bar D C. 

F F, an envelope for 
the bulb E, made of cot- 
ton wool. The two ar- 
rows indicate the direc- ■■ ■ 

tion of the electrical "^ " "^ 

current. 

When the electricity, from a newly prepared Smee's battery of 
48 superficial inches surface, was passed along a pair of antimony 
and bismuth bars, arranged as above, the thermometer A A rose 19° 
above the temperature of the room. This amount of action is not 
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long sustained in Smee'e batterj, ttie g^lTanometer indicated oolj d° 
at the end of the first 48 hours, then the decrease in the electrical 
carrent ia much more slow ; and it required 8 daja' continued actira 
for the galvanometer to fall through the remaining 9°. 

With joints disposed like fig. 3, I made a number of esperimerrta 
to tr^ the effect of electrical currents on them ; but as all of the te- 
snlta obtained could be accounted for, bj the influenoe of the heat 
which electricity developes in passing across those joints, it seems to 
me to be unnecessary to enter into the detuls of Uie experiments in 
question. 

41. There are some remarks on voltaio phenomena by Professor 
Grove and Mr Mackerell,* which may be thought at rariaooe with 
the fact of the unequal beating of any medlom traversed by an ^e«- 
trical carrent, as I have above attempted to prove. For Pcoftnoc 
Grove has shewn that in rapid decompositions, a mora brilliant com- 
bustion is observed at the negative pole than at the positive ; while 
in my experiments the temperature of the negative pole is always 
the lowest. This apparent contradiction can be reconciled, when 
the necessary conditions for the appeHance of combnstion at the 
poles of a battery are examined. I have always found that the de- 
composing surface must be enveloped in gas when the spark appears ; 
it is while the electricity is crossing this gaseous atmosphere that 
combustion takes place (see 1st series 26.) A consequence of this is, 
that where the largest volume of gas is evolved from a given super- 
ficies, there the sparks should be the most brilliant. Where acidu- 
lated water is decomposed, there is double the vdame of gat elimi- 
nated at the negative pole, compared with the gas at the positive 
pole; hence the greater brilliance in Professor Grove's experiments, 
when the voltaic circuit is completed by dipping the negative wire ; 
for the same surface of wire has to evolve twice the volume of gas 
which it had to do when the contact was made by dipping the positive 
wire into the acid solution. By employing a positive wire of half the 
section of the negative wire, the difference noticed disappears. The 
crackling noise stated by Professor Grove to accompany these rapid 
decompositions, becomes much sharper when sulphuric acid S. G. 
1850, is substituted for acidulated water. It appears to me to be 
occasioned by tho rapid formation of gas bells, exactly like steam 
bells formed in pure water boiling in a smooth glass vessel. The 
noise in both cases is very similar, and with sheathed poles the bells 
of gas may be seen to quit the pole at each sharp sooild heard.t 

* See Elec. Mag. pp. 121 and 277. 

t The experiments with platiua and copper capsules detfuled above; 
were performed duringlaat winter, when the ground was partially covered 
with melting subw. The temperstnie of that season was unfavourable 
for Becondarj decompositions, and as I wished to obtain greater changes 
in the temperatures with copper poles decomposing sulpluLfe.of copper, I - 
returned to them in midsummer, md employed small capsules of 1 a su- 
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On the Origin of the NiloHc or Egyptian Population. By 
Samuel Geosqe MoaroN, M.D. 

Since the ph^mical cliaracteristiGS of the ancient Nilotic 
popnlatioi), as derived from history and the monoments, coin* 
cide, in a remarkahle manner, with the fkcts derived from 
ajiatomical comparison, it becomes necessary to offer some 
explanation of these resnlts ,' or, to shew at what period, 
and under what circumstances, several different branches of 
the Caucasian race were hlended into a single nation, pos- 
sessing more or less the chracteristics of each, and this, agtun, 
modified in degree by another race wholly different from 
either. It is, in the first place, necessary to recur to the fact 
of the very long occupation of Egypt by successive dynas- 
ties of Hykshos, or Sh^herd Kings, and that these were not 
of one but of several nations — ^Phoenicians, Pelasgi, and 
Scythians ; while to these followed, at a long interval, an 
Ethiopian or Austral-Egyptian dynasty. Each of these great 
revolutions must have tended, in turn, to the amalgamation of 
the Egyptians with other nations; and this result may be 
referred to three principal epochs, independently of several 
subordinate ones. 

The Jirgt epoch embraces the dynasty of the Hykshoa or 
Shepherd Kings, commencing before Christ two thousand 
and eighty, and having a duration of two hundred and sixty 
years- 
It is important, however, to observe, that Josephus, quoting 
Manetho, makes the Hykshos dynasty last five hundred and 



pecficial inch of surface. The electrical current deriTed from 2 cells of 
Danietl's battery, 1 quart each, gave the observed temperature, room 68°, 
negative pole 71°. fositivepole 731°. The Bame battery acting on silver 
capauIeB decomposing a Gait of silver, shewed changes in temperatnre of 
2 less. "When small quantities of the fluids were used in the voltameter, 
I found tbe temporatuiea before beginning the electrical part of the ex- 
periments frequently 2° below that of the Burrouudiag air. This was evi- 
dently a. h ygrometnc effect, hut the two lources of change of tempera- 
ture, nameij the unequal healing effect of an electrical current and rapid 
evaporation when actbg toeether, might very readily be mistaken for 
the development of cold cy electricity. 
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eleTen years ; and the learned Baroo Banseii, whose wcffk has 
not yet appeared, extends it to one thousand, be^nning B. C. 
2514.* The shorter period is that of Rosellini ; but ^le longer 
one is, perhaps, most consistent with facts, and at least makes 
room for Uiose Tarious dominations which, in the lists of 
Manetho, precede the eighteenth dynasty ; which last, headed 
by Amrenoph the First, drove out the intrusive kings. Daring 
this long period the legitimate sovereigns were exiled into 
Ethiopia ; and it is evident that, had Meroe been any other 
than a province or dependency of Egypt, it is hardly pro- 
bable that the Egyptians — ^kings, priests, and people— could 
have found a safe asylum in that country during the long 
period of their exile. It is expressly stated by Josephns, that 
the Shepherd Kings lived at Memphis, " and made both the 
upper and lower country pay tribute." It would appear, how- 
ever, that, dnring the greater part of the Hyksfaos dynasty, the 
Egyptians retained possession of the Thebaid ; nevertheless, 
the occupation of Lower Egypt by their enemies, must have 
effectually precluded all communication with other countries 
excepting Ethiopia, Southern Arabia, and India ; which fact 
will account for a vast influx of population from those countries, 
(and, consequently, from the slave re^ons of Africa,) into the 
Upper Nilotic provinces. 

It is, moreover, reasonable to suppose that, even after the 
expulsion of the Hykahos, multitudes of Egyptians would 
remain in Ethiopia, — that country wherein whole generations 
of their ancestors had lived and died ; at the same time that 
great numbers of Meroites, influenced by a variety of motives, 
and especially by social alliances, would descend the Nile into 

Egypt- 
It is, moreover, evident, that while the Egyptians became 
thus fraternized with the nations of Southern Asia, and the 
motley races of the Upper Nile, the provinces of Lower Egypt 
would be overrun with the Caucasian tribes of Europe and 
Western Asia ; for these, either as cognate with the Hykshos, 
or as allies in their service, must have been in inmiense num- 
ber to have conquered so populous a country, and especially 

* See Mm Hamilton Gray'i History of Etniriaj vol. i., p. 39. 
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to have kept possession daring so long a period. It is to these 
erents, then, that we attribute that blending of nations which 
appears to have been coeval with the eariy ages of the Nilotic 
family, and which amply accounts for the ethnographic diver- 
rities everywhere manifest on the monuments. 

The second epoch is comprised in the Ethiopian dynasty of 
three kings, which lasted forty-four years, beginning B.C. 719. 

These MerHite or Austral-Egyptian kinga.during their intru- 
sive occupation of Egypt, would naturally, and indeed neces- 
sarily, engage the neighbouring tribes, and especially such as 
were hostile to Egypt, as mercenary soldiers; and there are 
more than conjectural grounds for believing that the negroes 
themselves were thus employed. We are told in the Sacred 
Writings, (2Chron.,chap.xii.,) that when Shishakkingof Egypt 
— ^who is identical with Sheshonk of the monuments — went 
up against Jerusalem, he took with him " twelve hundred cha- 
riots and three score thousand horsemen : and the people were 
without number that came with him out of Egypt ; the Lubims, 
the Sukkiims, and the Ethiopians." Of tiiis multitude we 
may presume that the horsemen, and people in chariots, were 
part of the Egyptian army ; the Lubims and Sukkiims are by 
most commentators regarded as Libyans and Meroites, while, 
as the Ethiopians are placed last on the list, and are designated, 
in the Hebrew original, by the name of Cuth, it is not unreason- 
able to suppose that they were Negroes. This view is sus- 
tained by a passive in Herodotus, * who states, that in the 
army of Xerxes which invaded Greece was a legion of Western 
Ethiopians, " who had hair more crisp and curling than any 
other men." t Now, if the army of Xerxes embraced a legion 
of African negroes, it would not be remarkable if the Egyptian 
troops should have been composed in part of the same people ; 
which, indeed, with respect to the Ethiopian dynasty, may be 

" In my Crania Americana, note, p. 29, 1 have emplojed this passage 
to tbew, that those Colchiani whom HerodotaB mentions as fonnlng 
" part of the troops of SefiOBtm," might have been Kegroes acting as 
meic«aai7 or anxiliKry soldiers. I am now Batiafied that such expira- 
tion ia at least uanecesBar^ ; and I, therefore, take this occasion to with- 
draw it. 

t Polhjm., cap. Ui. 
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aasomed as a thing of course ; for the Mertiites would naturally 
avail themselves of every expedient to establish their power 
by augmenting the number of their exotic confederates, and 
by extending to them those privileges which had once been 
sacred to particular castes. For these and other oppres^ve 
acts, the Meroite kings were hated by the Egyptians ; and no 
sooner were they expelled than their names were erased from 
the monoments.* 

The thwd epoch dates from the conquest by Camhyses, B.C. 
525) and continues through the whole of the Persian dynasty, 
or in other words, until the Ptolemaic era, RC. 332, — a period 
of nearly two hundred jeaxa. 

Every one knows that the Persian dominion in Egypt was 
marked by an atter disregard of all the established institutions- 
No occasion was omitted which could humble the pride or 
debase the character of the people. The varied inhabitants 
of Europe, Asia, and Nigritia, poured into t^e valley of tbe 
Nile, abolishing in degree the exclnstveness of caste, and 
involving an endless confusion of races. 

The prelude to these changes and misfortunes can be traced 
to the reign of Psammeticua the First, who permitted to 
foreigners, and especially to the Greeks, a freedom of ingress 
which the laws and usages of the country had previously de- 
nied them. The same policy appears to have been fostered by 
the subsequent kings of the same dynasty until its consumma- 
tion by Amasis (B.C. 669), when, in the luiguage of Cham- 
pollion Fig^ac, Egypt became at once Egyptian, Greek, and 
Asiatic ; her national character was lost for ever ; her armies 
were filled with foreign mercenaries ; the throne was guarded 
by European soldiers, and continual wars completed the 
dcstmction of a tottering kingdom.-f- 

* AmoDg the meagre facts which histoiy has preserved in relation to 
those intruuTB kliigB, the following is the mo«t maarkable : " Sahakon 
(the first king of the Ethicfiiaii djiuwt^,) haying takifin Boccoois (tte 
legitimate sovereigD) captive, bmat him alire," Maaetbo i9>i>d Carj, 
^r'^S-i P' ^6- Could any ciroomHtancea have rendered &io Bthiopiani 
more detestable in the ejea of the Egyptiaas than this first act of barba- 
rian policy ? 

t Egypte AnciennSf p. 207. 
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Conclusions. 

1. The Talley of the Nile, both in Egypt and in Nubiai was 
ori^ally peopled by a branch of the Caucasian race. 

2. These primeval people, since called Egyptians, were the 
Mizraimites of Scripture, the posterity of Hanif and directly 
affiliated with the Libyan family of nations. 

3. In their physical character, the Egyptians were inter- 
mediate between the Indo-European and Semitic races. 

4. The Anstral-Egyptian or Meriiite communities were an 
Indo-Arabian stock engrafted on the primitive Libyan inha- 
bitants. 

5. Besides these exotic sources of population, the Egyptian 
race was at different periods modified by the influx of the 
Caacasian nations of Asia and Europe, — Pelasgi, or Hellenes, 
Scythians, and Phoenicians. 

6- Kings of Egypt appear to have been incidentally derived 
from each of the above nations. 

7. The Copts, in part at least, are a mixture of the Cauca- 
sian and the Negro, in extremely variable proportions. 

8. Negroes were numerous in Egypt, but their social posi- 
tion in ancient times was the same that it now is, that of 
servants and slaves. 

9. The national characteristics of all these families of man 
are distinctly figured on the monuments ; and all of them, 
excepting the Scythians and Phoenicians, have been identified 
in the catacombs. 

10. The present Fellahs are the lineal and least mixed 
descendants of the ancient Egyptians ; and the latter are col- 
laterally represented by the Tuariclts, Kabyles, Siwahs, and 
other remains of the labjan family of nations. 

11. The modem Nubians, with a few exceptions, are not 
the descendants of the monumental Ethiopians, but a Tarionsly 
mixed race of Arabs and Kegroes. 

12. "Whatever may have been the size of the carlilaginom 
portion of the ear, the osseous structure conforms in every 
instance to the usual relative position. 

13. The teeth differ in nothing frwn those of other Caucar 
Bian nations. 
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14. The hair of the Egyptians resembled, in texture, that 
of the fairest Europeans of the present day. 

15. The physical or organic characters which distinguish 
the several races of men, are as old as the oldest records of 
our species. — Transactions of the American Pkilosopkieal 
Socielg, vol. ix., New series, Part I., p. 155. 

Note.— I have taken frequent occasion to quota the opinions of the 
late Professor Blumenbach, of CWttingen, wBoee name is inseparably 
connected with the science of ethnography ; but I have to regret that, up 
to the present time, I have not been able to procure, either in this coimtry 
or from Europe, the last two memoirs which embrace bis views on 
Egyptian subjects, and eapccially the work entitled, " Specimen histonie 
natnrolis antique artis operlhus illuBtratte.'' His views, however, as pre- 
viously given to the world, have been repeatedly adverted to in these 
pages; and his matured and latest observations, as quoted by Dr Wise- 
man, appear to have conflnned his original sentiments. " In ld08," says 
Dr Wiseman, " he more clearly expressed his opinion, that the monu- 
ments prove the existence of three dittinct firmt, or physiognomies, among 
the ancient inhabitants of Egypt. Three years later be entered more 
iully into this inquiry, and gave the monuments, which he thought bore 
him out in tbis hypothesis. The £rst of these /emu he considers to 
approach to the Negro model, the second to the Hindooj the third to the 
Berber, or ordinary Egyptian head. — fBetrage zur Naturgerschicht«, 2 
ter Th. 1811.) But I think an unprejudiced observer will not easil; fol- 
low him so far. The first head has nothing in common with the Biaeh 
race, but is only acoaree representation of the Egyptian type ; the second 
is only its mythological or ideal purification.'' — Leetnrei on Ihe Covmadon 
betieetn Science and Revealed Religion, second edit., p. 100. 

I thus place side by side the opinions of these learned men. With 
respect to Professor Blumenbacb, I may add, that wben ho wrote on 
Egyptian ethnography there were no fac timile copies of the monuments, 
such as have since been given to the world by the French and Tuscan 
commissions ; and again, that learned author had not access to a suffi- 
cient number of embalmed beads to enable him to compare these with 
the monumental effigies. Wit]i these lights he would at once have 
detected an all-peTvadin^ phytiognomy which it ptcuZiartii and enentialli/ 
Egyptian; and in respect to which all the other forms, — Pelasgic, 
Semitic, Hindoo, and Negro, arc incidental and subordinate ; sometimes, 
it is true, represented with the attributes of royalty, but for the most 
part depicted as foreigners, enemies, ajid bondsmen. 

With Egyptian ttatmry I am little acquainted. The only four years 
rf my life which were spent in Europe were devoted almost exclusively 
to pro esBional pursuits ; and the many remains of Egyptian art which 
are preserve m the British and Continental museums, have left but s 
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vague imprewioD on my metaary. How ioTatuable to fithnograpby are 
the two statues of the Pint OsoitaseD, now is the royal cabinet of Ber- 
lin ! Those I have not seen, nor the memoir in which Dr LepBioa baa 
described them. 

I have, for the most part, omitted anyremarks on the iiit«llectual and 
moral character of the Egyptians, becausethey would have eitendedmy 
work beyond the limiU prescribed by the present mode of publication. 
I have also avoided, as much as possible, those philological disquisitionB 
which have of bte years combined so much interest and discrepancy ; 
but which are all important to Ef^yptjan ethnography, and are daily 
becoming better understood, and, therefore, of more practical value. For 
an instructive view of this question, and many collat«ra] facts and 
opiDions, the reader is referred to the third volume of Dr Prichard's 
Reiearchei into the Pkytical Hitloty 0/ Mankind — a work which commands 
our unqualified admiralion, both in respect to the multitude and the 
accuracy of the fikcts it cont^s, and the genius and learning with which 
they are woven together. 

I look with great interest to the researches of Dr Lepsiua at Ueroe, as 
well as to those of my friend Dr Charles Pickering, who is now in Egypt 
for the sole purpose of studying the monuments in connexion with the 
people of that country ; and, finally, it gives me great pleasure to state, 
that the profound erudition of the Saron Aleiandei de Humboldt is at 
this moment engaged in a work which will embrace bis views on Egyp- 
tian ethnography, and give to the world the matured opinions of a mind 
which has already illuminated every department of natural science, — 
Traniactiont of ike American Phihsophical Society, vol. ii.. New Series, 
Part I., p. 168. 



0» some particular Phenomena presented by the Mica Slate 
Formation at Flinsberg, in the Bietengebirge. By M. Gub- 
TAV RosB. 

This bed of mica slate is found in the gneiss to the north- 
west of the Biesengebirge, and extends from Raspenau as far 
as Wittich, and follows a curved line by Liebwerda, Schwarz- 
bacb, Flinsberg, Giehern, Querbacb, Kunzendorf, Blumen- 
dorf, Hindorf, Alt-Kemnit2, as far as Voigtsdorf. Near the 
middle portion at Flinsberg, at the surface, it is rather 
more than a quarter of a German mile in breadth ; it then 
cuts under sharp angles the two elevated summits of the 
gneiss of the Riesengebii^e, which extend in a north-west 
direction from the two sides of the upper valley of gneiss, the 
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two eztremitiea of which oonaist of this same mica elato. lo 
this part of tiie formation, the mica elate has in every respect 
the character of a mormtain ; a little fortiier to the east it rises 
into the highest moimtalQS, when its breadth diminishes, and 
it becomes narrower in proportion as we advance onwards. 

M. Bose follows the rock throughout its whole extent and 
shews* by noticing aJl the iocalitiea where it is exposed, that 
the two sides of the gneiss valley do not correspond in their 
geognostic relations — ^that the southern limits of the mica 
slate are moved on the right side much more to the north than 
on the left side, although the strata on both sides proceed in 
absolute correspondence with the directi(m of the course of 
the river in tlw valley. These strata have, thereCwe, been 
torn asunder, and displaced at the time of the formation of the 
gneiss valley, and the eastern portion has been moved, but 
without changing the aUure of the strata, along with the gneiss 
of Geiersteio, more to the north than that on the left side. The 
same appearances, moreover, present themselves in all the 
valleys transverse to that of gneiss, but not on so large a scale. 

Analysing all the facts, M. Rose remarks, that the strata 
of mica slate not only appear to have been cut and interrupted 
in their continuity by the valleys, but that it must have hap- 
pened that the portions thus separated have been moved in 
certain directions ; and if we now admit that the valleys 
among high mountains are nothing else than fissures, and that 
tbe strata moat have been thus moved out of their po^Uon, it 
is certain that so conclusive a demonstration of this has not 
hitherto been offered.* 

The author likewise describes the particular appearances 
presented by the mica slate in the vicinity of granite, appear- 
ances which he ascribes to the irruption of the latter, when the 
slate had already reached its crystalline state. 

In conclusion, M. Bose shews that tiie mica slate of Flins- 
berg presents three phenomena deserving of attention ; the 
direction is which it lies in relation to the summits of the sys- 
tem of mountains, the manner in which it has been moved 

* Out autbor boa uot alluded to tbe poasibllitj of the portiona of miea 
■late and gneUa being merelj great distinct concretioiiLB, that ii, abgnan- 
■**«« tiiiekt, and therefore no( moved. — En. 
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at the time of the fcarmatioD of the valley, and, fioally, the 
changes which the nuneralogical obaractec of the rock has 
undergone at the points where it touches the granite.* 

Notice ofGwau>,Jrom the Yorkshire Coast, and from the North 
ChtMt of Scotland. By John Datt, M.D., P.R.S. Lend. 
- and Edin. Communicated by the Author. 

The term guano seemB likely to become a generic one, to 
deagnate all manures composed of the excrements of birds : 
it is thus already used in many parts of England and Seot- 
land. 

Although, from the nature of our climate, it cannot be ex- 
pected that the home-guano can be equal in efficacy to the 
Peruvitui and African, yet, considering that a considerable por- 
tion of the excrement of birds is very slightly, or not at all, 
soluble in water — and further, that it is a question whether 
the fixed and insoluble phosphates do not perform the most 
important part in promoting the growth of those plants into 
the composition of which they enter — there lb sufficient reason 
that the home kind should not only not be neglected, but that 
attention should be specially directed to it. 

With this persuasion, I purpose briefly to give an acooiuit 
of two portions of guano which I have lately received ; for one 
of which I am indebted to Mr Hodgson, of Ayton Lodge, near 
Scarborough ; and for the other to my friend Professor Jame- 
son : the former collected on the Yorkshire coast ; the latter 
brought from the Skerries in the Pentland Firth, procured by 
Bobert Stevenson, Esq., civil-eo^neer, and Manager of the 
Lighthouses of Scotland and the Isles. 

The Yorkshire guano, Mr Hodgson informs me, is the 
excrement of wild pigeons, which, in large numbers, frequent 
and breed in the iimestone cliffs of Scarborough Head. About 
forty tons of it are collected annually, by men who follow the 
difficult and dangerous occupation of gathering eggs, and who, 
for that purpose, let each other down, by means of a " gin" 
or windlass, from the mar^n of the clifi^ varying there in 
height from 50 to 200 feet. It is purchased by the farmers in 
the neighbourhood, at the rate of Is. per bushel, <»■ about 2s. 6d. 

» From rJurtitut, No. 540, p. 154. , - . 
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per owt. ; and baa been used, from time immemorial, aa a 
manm% for grain crops, in the proportion of about eix cwt. 
per acre, and with such effect, that it is held ia great estima- 
tion for its fertilizbg power. 

It is of a light brown colour— a mixture of fine powder, bits 
of straw and chaff, and a little sand and gravel. It ha« a pe- 
culiar smell, but not ammoniacal tiU moistened and mixed 
with lime, when it emits this odour distinctly. From a coarse 
analysis of it which I have made, it appears to consist of — 
10 Saline matter, soluble in water, in wbicb the muriatic, eulphuiic, 
and nitric acids were detected, with lime, potaah, ammonia, 
and magnesia. 
24 Organic matter, cbiefly vegetable, destructible bj fire, not soluble 

in water. 
60 Matter not destructible "by fire, of wbicb 21 were soluble in muriatic 
acid, consistiiig chiefly of phosphate of lime, with a little car- 
bonate of lime Bud magnesia ; and 39 were insoluble, composed 
principally of siliceous sand and gravel. 
6 Hygrometric or adhering moisture. 



This composition of the Yorkshire guano accounts, in a sa- 
tisfactory manner, for its fertilizing effect, especially when 
applied to grain crops. 

It may appear singular, that, whilst mention is made of 
nitric acid and soluble salts, as present in this guano, no notice 
is taken of lithio acid, of which, in combination with ammonia, 
as is well known, the urinary portion of the excrement of 
birds chiefly consists. It was sought for, but in vain ; or, at 
farthest, only an obscure trace of it could be detected. This 
is not difficult of explauatioa, rememberiog that the lithate of 
ammonia is soluble in water, and that the guano examined 
had been exposed to the action of rain. In another specimen, 
colleoted, at my desire, from parts of the cliff protected from 
the weather, and for which, also, I am indebted to Mr Hodg- 
son, I found a considerable quantity of lithate of ammonia. 

The nitric acid present— probably in combination mth 
lime — it may be conjectured, was derived, with the soluble 
salts, from an overhanging surface of limestone rock, and was 
either scraped off in gathering the excrement, or was washed 
down by the dropping of water, and absorbed and retained br 
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the guano, supposing a period of dry weather to have preceded 
its collection. 

It is worthy of remark, that both the Peruvian and African 
guano, although abounding in mtrogenons compounda, are 
destitute of nitric acid. This circumstance is strongly corro- 
borative of the theory of the formation of nitre, in which car- 
bonate of lime is held to be essential to the production of the 
acid, by exerting a certain infiuence in uniting its gaseous 
elements. 

The guano from the Pentland Firth was in firm lumps, of a 
dirty brown colour, some of them speckled with white. It 
had a peculiar smell, not unlike that of sea-weed, and unmixed 
with any ammomaoal odour, till after having been triturated 
moistened with lime, when it gave off a pretty strong smell of 
ammonia, overpowering the odour first perceived. Broken up, 
after soaking in water, when it offered no resistance, and care- 
fully examined with the microscope, it was found to consist 
chiefly of minute fragments of sea-shells and of sea- weed, with 
which were intermixed a fine granular matter, and particles 
of siliceous sand — leading to the inference that it was derived 
from birds that feed mostly on sea-weed, and on the smaller 
moUnsca common amongst sea-weed. According to the infor- 
mation with which I have been favoured by Professor Jame- 
son, the birds inhabiting the Skerries are " cormorants, and 
a few gulls and marrots." From a rough analysis, it appears 
to consist of about — 

4 Matter soluble m watoc, chiefly muiiate of ammonia, nitrate and 
mlphate of lime, with a trace of common ult. 
28 Matter destructible \>j fire, a mixture of vegetable and animal 

matter, nearly insoluble in water. 
60 Hatter not destructible bj fire, consiBting of 30.6 carbonate and 
pboephate of Ume, with a trace of magnesia, and a little buI- 
phate of lime, and of 29.1 iiliceoua sand. 

8 Hygrometrio water, or adhering moisture. 

100 

Considering the proportion of carbonate and phosphate of 
lime which this guano contains, as well as the saline matter 
soluble in water, and the organic matter destructible by fire, 
and capable of yielding carbonic acid during its slow decom- 
position, it may be pronounced to be of some value aa a ma< . 



316 Notice of Guano from the Yorkakin C^tmt, 

nure, and deaerving of being colleoted. And, recurring to a 
preceding remark, I would lay the more stress on the valae of 
manure of this kind, depriTed of the greater part of its salts, 
and especially of its ammoniacal salts, by the action of rain, 
the earthy phoephates remaining, which water is imapable of 
dissolving, — seeing that a notion, far &om correct, is common- 
ly entertuoed, that goano, afto: exposure to rain, ia rendered 
useless. Thus, in a letter from lohaboe, recently published in 
the Leedg Mercury, descriptive of that remarkable islet, the 
writer of it (Mr J. Lees), after ezpresnng his apprehension 
that the great deposits of guano will soon be exhausted, and 
that no new ones will be discovered, as he supposes that they 
must be limited to runlesa climates, adds — " That many thou- 
sands of tons of guano, after having beentaben in [shipped], 
were cast away, when it was discovered that the rains had 
caased its fermentation, and destroyed its properties." This ia 
an opinion not less erroneous than one lately announced at a 
great agricultural meeting, that the effect of guano, as a ma- 
nure, most be fugitive — depending on its volatile ammoniacal 
ingredients,— overlooking the non-volatile ammoniacal salts 
which it oontiunB in large propmiions, as well as the ingolnble 
phoq>hat«B. 

Oonsidering, as has been already observed, these phosphates 
as not the least important of the ingredients of guano, the ex- 
crements of birds, wherever they have been aocumolated, whe- 
ther abounding in nitrogenous compounds, as in dry climates, 
or in the insoluble phosphates, as in rainy climates, must be 
valuable to the agriculturist, and are likely to repay the enter- 
prising merchant who may import them. In the arctic and 
antarctic regions of the ocean, and those bordering on them, 
as birds, feeding on fish, there abound, it is probable that great 
stores of guano of the latter kind are laid np in aooesrable 
situations, and which may furnish cargoes to our whalers, and 
partly remtmerate them when unsuccessful in their fishing en- 
terprise. And, nearer home, as in Iceland, the Feroe Islands, 
and St Eildat it is likely much nseful guano might be collected, 
were the mhabitants who depend chiefly for their support on 
the feathered race to collect the excrement at the same time 
that they take the birds or their eggs. 

The same view may be even farUier extended. As the cpc- 
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creinents of birds, without exception, vhen first voided, are 
rich in ammoniaoal compounds, and contain more or less of 
phosphate of lime, birds, generally, must be admitted to be 
fertilizers — the effect being in proportion to their numbers, — 
in the instance of the solitary bird not perceptible, but in that 
of gregarious birds, especially in their roostmg-places, very 
manifest. I have examined the soil under rookeries, and have 
detected in it ammonia and phosphate of lime. And as, under 
old rookeries, there must be an accumulation of the insoluble 
salts derived from the excremeots of these birds, it hardly al- 
lows of question, that it will be advantageous to collect the 
soil so impregnated, from time to time, at proper intervals, 
and to employ it as a manure, restoring In this form to the 
fields a great part of what was taken from them by these use- 
ful birds, in the shape of worms and grubs. It is a pleasing 
circumstance in the economy of nature, that the sheltering 
shrub or tree, and the sheltered bird, benefit each other ; 
that the exorementitious matter of the one, which, to the inou- 
rious and uninformed, may appear offensive, and a pollution, is 
perfectly fitted to contribute to the growth of the plant, 
and its beauty. In harmony with this, is another fact, one 
which I have lately ascertuned, viz., that where there is no 
rain, and, consequently, where there can be no vegetation, 
there the lithate of ammonia, constituting the greater proper^ 
tion of the urine of birds, is converted, by the action of the 
sun's rays, into a non-volatile but soluble salt, the perdurable 
oxalate of ammonia — one of the principal ingredients of the 
great dep&ts of American and African guano — instances of 
the most concentrated manure, hoarded in absolutely desert 
wastes, forming a genuine sinking fund for the agriculture of 
a country such as ours, wasteful of its natural manures. 
The Oaks, Ahbleside, Aufua 31. 1844. 

We are informed by our friend Darid Stevenson, Esq., Civil Engineer, 
tbat the deposit of guano od the Little Pentlaod Skerries, as mentioned 
by DrDavy, la about 30 yarda in length, 20 yards in breadth, and 1 foot 
inthiclnflSB ; and thai the amonnt of this manure on that apoi alone is, 
tlierefbre, probably about 200 yards, on about the same number of tons. 
We~would recommend the proprietore cf the coaats and ieUnds of the 
north of Scotland to direct tbeir attention Co this subject.— Editor. 
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Profe$tor Buckland on Artesian Wella.* 

Frofesscor Bnckland said, he would at once proceed to the 
sabject on which he had been requested to address the mem- 
bers of the Artesian Well Committee of this place. In his 
address, last Wednesday, to the Council of the Royal Agricul- 
tural Society, he had spoken of the capabilities of permanent 
agricultural improvement in Hampshire, and other sonthem 
counties of England, especially in the districts between the 
sea coast, and a line drawn from Dorchester through Salis- 
bury and Winchester to London, including Wareham Heath, 
Poole Heath, the New Forest, and Bagshot Heath. If the 
improvement of these wastes by the mineral manures that lie 
beneath their surface, were taken up in a scientific manner, 
and on a large scale, by great proprietors, or by a land-im- 
provemLut company, small portable steam-engines, and port^ 
able tram roads, might be employed, to raise from shafts in 
any part of this district, and transfer to profitable distances, 
and spread upon the surface, the chalk, and clay, and marl, 
that lie at various depths under the area of all these sandy 
wastes, 'llius, the silt of the Humber has, with very great 
profit, been lately transferred by tram roads to be spread on 
the surface of barren peat ; and in Norfolk, vast tracts of 
sandy rabbit warrens have, during the last half century, been 
converted to productive corn-fields, by adding to their surface 
a top-dressing of marl, clay, chalk, or shelly sand and gravel, 
locally called cr(^. The cost of such top-dressings of mineral 
manure need rarely exceed L.10 an acre, and the consequent 
benefit is the conversion of dreary deserts into permanently 
valuable arable land. On Lincoln Heath, where, not 100 
years ago, a land-lighthouse was erected to guide the be- 
night«d traveller across a barren sandy waste, the application 
of scientific agriculture and capital had converted thousands 

* The above ia an account of an interesting Address to the Mayor, 
and Members of the Artesian Well Committee of Southampton, on the 
27Ui of July 1844, by the Rev. Wm. Buckland, D.D„ Professoc of Geo- 
logy, Oxford, &c. 
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of acres of unprofitable heath into pleasant and productive 
eorn-fields. The chalk-hills, also, that form the wolds of Lin- 
colnshire, and the wolds of Yorkshire, had been made rich by 
processes which were now beginning to be introduced in 
Hampshire. 

On Thursday last, the Prussian minister had called the at- 
tention of the assembled agriculturist.^ of England to the ex- 
ample of good farming that is set them by the most illustrious 
of living warriors, the Duke of Wellington, who had turned 
his glorious sword into a not less glorious ploughshare ; and 
near Strathfieldsaye may now be seen rich fields of barley and' 
turnips on naturally heavy clay lands, which, two or three 
years ago, were reeking with moisture, and incapable of that 
rotation of green and grain crops, which all good farming re- 
quires. The Duke of Wellington was, year after year, im- 
proving his clay lands, first by thorough-draining, which is the 
indispensable precursor of all other improvements ; and after 
drainage, spreading large quantities of chalk over the surface 
of the clay. Not less than 1000 wa^on loads of chalk had 
during the last year, been brought from the neighbourhood 
of Basingstoke to that of Strathfieldsaye. 

Similar improvements of poor sandy soils may be made by 
laying upon them a good top-dressing of clay and chalk, in 
addition to ordinary manures ; and geology had ascertained 
the existence of several kinds of marl and clay, and also of 
chalk, at various depths beneath the poor sandy heaths which 
form so large a portion of South Hants, and Dorset, and 
Berks, and under the whole of Bagshot Heath. The place of 
these clay beds is often indicated by the oozing of water and 
growth of rushes near the base of the sloping sides of the shal- 
low valleys or combes that traverse these sandy plains, and are 
occasionally covered with peat- Between Chrlstchurch and 
Poole, many such oozing streamlets point out spots from 
which, by the aid of a small steam-engine and tram-road, clay 
may be brought up to reclaim the sandy wastes around each 
of these centres of supply of fertilizing mineral manure ; and 
the efficacy of this process had been shewn on a small scale 
near Poole, in little inclosures, made by a few industrious pea- 
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sants. In Hampshire, be rejoiced in tKe occasion of recording 
a mneli greater example of improvements of this order, now 
in progreea, on the property of the accomplished Baronet, who 
BO worthily represents this connty in Parliament, and who, 
like the nc^le and gallant Lord-Lieutenant of the county, has 
placed himself at the head of those who are engaged in the 
patriotic worh of amending the productive capahilities of the 
soil. Between Southampton and his hospitable mansion at 
Hursley Park, Sir William Heathcote has already converted 
to good arable land, large inclosed portions of the sandy soils 
at An6eld and Cranberry Heath, by enriching them with the 
permanent mineral mtmures of clay and chalk. Sir W. Heath- 
cote has also adopted, on the farm he occupies at Hursley, the 
practice of stall-feeding oxen, which is essential to produce 
the great quantities of manure that are reqnired for the ferti- 
lization of all soils that are naturally poor, and without which, 
the improved fertility of the chalk and sandy lands in Lin- 
colnshire could not be sustained. He has rendered a further 
inestimable service to the agriculture of Hampshire, by the 
first establishment, in this county, of one of those agricultu- 
ral Bteam-en^ee, which are so common on large farms in 
Scotland and the North of England. The employment of a 
steam-engine is one of several causes of the great profit of 
i^rming in Scotland, and wherever it has been introduced in 
England. That erected by Sir W. Heathcote performs the 
work of thrashing, winnowing, grinding, imd bruising corn, of 
cutting chaff and turnips, cracking bones and beans, turning 
a saw-mill, &c. ; and thus leaves a large number of labourers 
free to be employed in the more profitable and improving 
work of cleaning and cultivating more hi^y the ancient 
com-tields, of draining wet lands, and tran8pca*ting chalk, and 
clay, and marl, to enrich the surfaces of sandy commons. 
Sir W. Heathcote had also dug wells at Hursley, which have 
near connection with the well now is progress on Southan^)-- 
ton Common ; and when this great and costly public work 
shall be completed, the level of its water will probably be 
found to oscillate in unison with the variations in the level of 
the water in the wells of Hursley. 

The scientific search fbr water, and Uie scientific conver- 
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sion Qi barren soils to fertilitf, were examples of the practical 
application of geol(^ to the useful purposes of Ufe ; and the 
sciences of agriculture and civil en^neering must obviously 
be imperfect in some of their most fnndameatal points, with- 
out a knowledge of the composition of soils, and structure of 
the earth.* 

In all kinds of operations under ground, the necessity to 
the engineer of a knowledge of geology, and of the hydro- 
statio conditions of subterraneous water, would appear from 
erery fact he was about ta notice in the well on Southampton 
Common, and also in the very recent Artesian well at the 
Southampton Railway Station, and in wells at Otterboum 
and HuTsley, on the south-west of Winchester. He would, 
however, first inquire — whence came that inexhaustible sub- 
terranean supply of water which Providence had laid up 
in store, wherever the earth was habitable. On this part of 
tiie history of water he should say less, because be had given 
a summary of what was known on the subject, in a chapter of 
his Bridgewater Treatise, illustrated by diagrams, explaining 
the origin of springs and Artesian wells. 

The eon now shining so bright and beauteous, drew up 
vapour from the surface of the ocean, which was held in a 
state of invisible solution in the air, until, condensed by cold, 
it fell in fertilizing drops upon the earth. By this sublimely 
nmple natm:^ machinery, supplies of fresh water were ob- 
tiuned from the tea, for the salt was not taken up with the 
vapour, except in an almost imperceptible degree. The mean 
quantity of vam which fell annually in England was about 31 
inches, and nearly 3000 tons of water were deposited annually 
upon every acre, in a manner which the best watering-pot could 
imperfectly imitate. These fructifying waters descended Irom 
the air npon the earth in a state most favourable for vegeta- 
tion, chained with minute quantities of sea-salt, together with 

* "Hie beat little and cheap book be could recommend to fiinnen, fw 
sheving Qxa agricultnEal character and oapabilitdea of tbe different soile 
and BubsoilB of Eaglaod, and particularly of the abalk, and bedt of clay 
and MmdB, that lie aboye and immediately beneath it, was " Morton on 
3ub8oil8." 
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ammonia and carbonic acid, all affn^uig elements of nntrition 
to the vegetable kingdom. The water thns supplied at inter- 
vals by rain from the cfeads, was di^osed of in four different 
ways. The flood-waters of stormy weather, and the sodden 
meltings of snow, were rapidly restored by mers to the sea. 
Another portion of the run-water that fell upon dry land, was 
eraporated from the snriace of the soil, and bo again taken 
into the atmosphere, to mix with the vapour exhaled from 
rirers, lakes, and seas. A third portion supplied the drink 
and fluid natriment of alt animal and vegetable nature ; and 
a fourth was disposed of to maintun the perennial supplies of 
wells, and springs, and rivers- M. Arago states, that it has 
been ascertained by an apparatus placed across the river at 
Paris, that not one-^iird of the rain that falls on the district 
that is drained by the basin of the Seine, returns directly by 
that river to the sea, — the remaining two-thirds being applied 
to the other purposes just mentioned. This most distinguished 
astronomer had directed special attentioD to the investigation 
of the economy of water in the natural world, and had illus- 
trated it by the phenomena of the great Artesian well at Cire- 
aelle, near Paris. He had not only foretold that water would 
be found in this well, at an enormous depth below the chalk, 
but that it would rise and overHow the surface ; accordingly, 
it has risen in a large column 30 feet above the highest part 
of Paris. M. Arago predicted also, that the temperature of 
this water would become gradually higher, increasing about 
one degree at every 45 feet below the surface. It now rises 
from the depth of near 1800 feet, at the temperature of 91° 
(Fahrenheit), warm enough to be applied to the heating of 
green-houses and hospitals. 

In ancient days the difficult scientific problem of the origin 
of subterraneous water had occupied the attention of Aristotle 
and Seneca, and their opinion was, that water was supplied 
to springs by the action of central heat, causing it to ascend 
towards the surface of the earth. This theory cannot be true 
in the case of that large part of the earth's surface which is 
formed of stratified beds of porous stone, permeable by water, 
and alternating with impermeable beds of clay, through which 
no water can ascend or descend. The condition of a water- 
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logged porous stratam thus placed between two beda of clay, 
through which do water can pass, may be compared to that 
of water enclosed in a tick or waterproof case, to form what 
is called a water-bed. We may, in imagination, extend inde- 
finitely the size of this bed, containing water instead of 
feathers ; and if we added to this water sand, or pebbles, oi 
angular stones, the intervals of all these would' be occupied 
by that portion of the fluid which was not displaced by the 
solid bodies thus immersed in it. Such a tick or bed-case fujl 
of stones and water would represent the permanently drenched 
and water-logged condition of all permeable strata below the 
level of the lowest springs by which their water can find 
issue. A sheet of such water-logged stone, or of permanently 
Wet sand, is called by the French geologists a " Nappe 
•d'Eau ;"" it is not a sheet of pure water, but a bed or sheet of 
sand or stones, whose interstices are filled with water, subject 
to the laws of hydrostatic pressure: The lowest regions of 
the chalk and of other porous strata are usually filled with 
such sheets of water, supplied by rain descending through in- 
numerable cracks and Assures ; and it was one of the infinite 
wise provisions we find in tbe natural world that the same 
water, which if placed in casks or open tanks, becomes putrid, 
continues tresh so long as it remains in the cavities and in- 
terstices of the strata of the earth. 

The greatest number of ordinary wells are dug in shallow 
beds of gravel resting on the hollow surface of a subjacent 
bed of clay. Wells sunk to a greater depth through stratified 
rocks often afford larger supplies, but rise rarely to the 
surface; and in cases where they do so, they are called 
Artesian wells, from the circumstance of such artificial over- 
flowing wells being common in Artois, the ancient Roman 
province of Artesium. The deepest well we know of this 
kind is that just mentioned, at Grenelle, near Paris, about 
1800 feet deep ; from whlcb the water rises thirty feet 
above the surface, and at the temperature of 91° Fahren- 
heit. Less deep, but similar wells abound near London ; 
and the Board of Woods and Forests was now erecting 
two large fountains in Trafalgar Square, to be supplied by 
two contiguous wells, in which it was expected that watec 
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noald rise within 60 or 70 feet of the sor&ce, in sofi^cient 
quantity to supply these foimtaina that have been pr^ared is 
the assurance of finding water. Other wells had been sunk 
in various parts of London, some into sheets of water pervad- 
ing beds of sand and gravel that alternate with plastic clay, 
others into the still lower beds of chalk. In all these easel 
the water was forced op, by hydrostatic pressure, to varioos 
distances from the surface. At Brentford there were many 
wells that continually overflowed their orifice, which is a few 
feet only above the Thames ; — ^in tfie London wells the water 
rises to a less level than in those at Brentford. 

As the largest part of the earth's sar^u^ is composed of 
stratified rocks, the most frequent cause of water being gnp- 
J>lied to wells, and springs, and rivers, was the alternation of 
beds of clay with porous and permeable beds of stone or 
sand. These alternating strata, having been originally formed 
in nearly horizontal positions, have been more or less dis- 
placed, and set on edge by volcanic forces, which raised them 
from the bottom of the sea. The greater part of these strata 
being porous and permeable by water, whikt beds of clay are 
impernous to that fluid, the rendoary portions of rain-water 
(which are not disposed of by floods, or by evaporation, or by 
entering the bodies of animals or vegetables) are absorbed 
into the fissures and small interstices of the permeable strata, 
where they form subterraneoos sheets or reservoirs of water 
for the sustentatioD of springs and rivers. About two-thirds 
of the habitable portions of the earth consist of stratified 
rocks, and the other third part of unstratified and crystalline 
rocks, such as granite, porphyry, lava, and other rocks of 
igneous origin. These also contain water in the countless 
cracks and interstices of their lower re^ons, and are inter- 
sected by innumerable fissures, which collect and b^nsmit 
rain-water, and give origin to springs. 

As persons who have no experience in such subjects may 
be surprised at the knowledge geologists profess to have ac- 
quired respecting the internal structure of the earth, he 
would endeavour to confirm the above theoretical explanation 
of tlie origin and supply of springs, by appealing to practical 
proofs, in the proceedings of water companies and well-dig- 
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gers, and in tbe poonds, shillingB, and pence, in the ledgers 
of mBDu&cturers. In November 1840, notice was given pf 
ui application to be made to Parliament to obtain a new sup- 
ply of water for London, from wells and water- works to be made 
at Watford, In the chalk. A company had been proposed to 
effect thia object, which would, probably, have been carried, had 
not Mr Clutterbuck demonstrated, bya long-continued series of 
meadurements of the water in the chalk hills of Hertfordshire, 
near Watford, that every drop of water taken from that 
neighboarhood would have been abstracted from the summer 
and autumn supplies of the river Colne, and would have rob- 
bed the proprietors of more than thirty mills upon thia river 
and its tributaries, and the owners of the adjacent water- 
meadows, f rights which they had inherited from time imme- 
morial One intelligent manufacturer of paper, Mr Dicken- 
son, who now supplies the paper for stamped letter-covers, 
and whose mills were on one of the tributaries of the Colne, 
had, during many years, found arithmetical evidence that the 
quantity of summer water in that river varied with the quan- 
tity of rain in the preceding winter. He could always tell in 
the end of February or March how much water there would 
be in these rivers in the following ei^t or nine months, and 
he regulated the contracts be made in every spring for paper 
to be delivered in the summer and autumn by the quantity 
of water in his winter rain-gauge. This rain-gauge, tiie in- 
vention of Dalton, being buried three feet below the surface, 
shewed that, except in December, January, and February, rain- 
water rarely descends more than three feet below ,the soil, so 
as to add anything to the supply that sinks into the earth to 
ifisue during summer, and form springs and rivers ; and 
whenever Mr Dickenson found, by this instrument, that but 
little rain had fallen in the three months of winter, he pro- 
portionally limited his contracts for the following summer 
and autumn ; thus proving the practical advantage of induc- 
tions from philosophy, and shewing that paper-making was 
dependent oti meteorology, on hydrostatics, and on geoI<^. 
In Germany, Mr Bruckman of Heilbronn, published, in 1835, 
an octavo volume on the Artesian wells in the valley of the 
Neekar, from which it appeared that there were manufactories. 
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in Wartembei^, near Cimstadt, where the milla were kept 
!a work during the severeet cold of winter, by means of the 
warm water from Artesian wells, which overflowed into tJie 
mill-ponds, and prevented them from freezing. And at Heil- 
broon, also, there were persons who saved the expense of 
fuel by conducting Artesian warm water in pipes through 
tbeir houses and green-houses. In France, M. H^ricart de 
Thury, a distinguished engineer, and president of Uis Roytd 
Agricultural Society of France, has published a most interest* 
ing history of the Artesian wells in that country, all in theo* 
retical accordance with the wells in Wurtemberg and Eng- 
land. Let those who doubt go to Grenelle, and see the 
majestic column of warm water from that philosophically 
predicted fountain, rising thirty feet above the surface, at the 
exact temperature foretold by Arago, and leam the correct- 
ness and value of practical deductions from geology, applied 
to the useful purposes of life. 

The learned professor then explained the principles of 
hydrostatic pressure that are involved in the theory of the 
rise of water in common springs, and in Artesian and other 
wells, which he exemplified by reference to maps and dia- 
grams representing sections of the London basin. In this 
and other geological basins, the position of a water-logged 
porous bed between two beds of clay may be illustrated by a 
tea-saucer placed within another tea-saucer, and having the 
narrow space between them filled with sand and water ; if a 
hole were drilled through the bottom of the upper saucer, 
and a quill or small pipe fixed vertically in the hole, water 
would rise in this pipe to the level at which it stands within 
the margin of the lower saucer, its rise being caused by the 
same hydrostatic pressure that raised the water in the well 
on Southampton Common from the vast subterranean sheets 
of this fluid which exist in the fissured chalk-beds of the 
Hampshire basin, as they do also la the chalk under the basin 
of London. The rain that falls on the uncovered chalk 
within the area of these basins descends, by countless crevices, 
into the lower regions of the chalk strata to a level, where 
they are permanently charged with water throughout all their 
interstices and fissures, as the water charges the interspace 
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between tbe two saucers jast mentioned ; and wlterever a 
hole is Iwred, or a well sunk, into these water-bearing beds, 
througb the impermeable strata that lie over them, the water 
will rise to the level of the lowest natural outlet or spring 
that gives vent to the overflowings of the sheet of water thus 
penetrated. As the streamlet that flows over the lower Up 
of the margin of a common pond prevents the further rise of 
water in that pond, so the springs that issue from chalk, and 
from all other water-bearing strata, prevent the permanent 
rise of subterranean water within the crevices of these strata 
much above the level of their respective springs. 

The Burface-line of any subterranean sheet of water may be 
ascertained by measuring a series of wells at distant intervals 
along the dip of the stratum under examination ; and this 
subterraneous water-surface is usually found to be at its 
greatest height at the end of the rainy months of winter, and 
lowest at the end of the rainy months of autumn. In the 
village of Hursley, the water, after very rainy seasons, over- 
flows from the wells of nearly every cottage ; in the end of 
autumn, their water is usually more than forty feet below the 
surface. Observations by Mr Fowlie, the intelligent steward 
of Sir W. Heathcote, had discovered a sympathy between 
these village wells and three which have been sunk at a higher 
level in the park and farm-yard ; and a similar sympathy 
may, ere long, be found between the Hursley wells and the 
deep well upon Southampton Common. The water they 
now extracted from the latter well was probably supplied by 
rain that sank into the chalk in distant parts of the country ; 
springs of fresh water often rose even from fissures at the 
bottom of the sea, and one near Chittagong was 100 miles 
dbtant from any land. M. Arago, speaking of the water in the 
well at Grenelle, near Paris, says it may come 40, 80, or 180 
miles under ground to supply that well. An Artesian well at 
Tours rose with a jet that sustained in the air a cannon ball ; 
the same jet has brought up a great quantity of seeds ; and 
the nearest place at which these seeds could have entered the 
stratmn below the chalk to come that distance under ground 
was thirty or forty miles off. There were two swallow holes 
at Hursley, where, at certain seasons of flood, the water is 
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swallowed or engulphed into the chalk, and may carry down 
seeds with it, and it was not impos^ble that such seeds might 
one day rise in the well at Soathampton Common. 

Districts composed of chalk were, beyond all others, exempt 
from inundations, and absorbed onusual qoantities of rain- 
water. Those persons who had seen Stockbridge may have 
remarked that many of the bridges were so low that even 
the ducks lower their heads as they swim under them. The 
bridges are low also at Salisbury and Winchester, because 
the chalk in their neighbourhood absorbs great part of that 
rain water which causes floods upon less absorbent strata. A. 
rare ezoeptiiRi to this rule occurred three or four years ago, at 
the Tillage of Shrewton, on Salbbury Plain, in a severe win- 
ter, when the sur&ce of the chalk was sealed up with ice. 
Nearly all the houses in this village were washed away by a 
flood, produced by the melting of raow, at ft time when the 
ground, being frozen, could not, as it usually does, admit the 
water to the absorbing crevices of the chalk. 

He would now call attention to the lai^ and important 
spring, called Pole's Hole, which iraues permanentiy, in quan- 
tity sufficient to turn a mill, at Otterboume, distant about 
seven miles hence, between Southampton and Winchester. 
In this ^ring we have the nearest large natural vent, or out- 
let, which regulates the level of the subterranean waters of 
the chalk in that part of Hants, The level of this vent may, 
therefore, affect that of the water which rises in the well on 
Southampton Common ; for if this water comes from the 
same bed of chalk that supplies the spring, or vent, at Otter- 
bourne, it can rise to no great height above the level of this 
vent when die water is lowest, nor above the level of the 
wells at Hursley when the water is highest.* The capacity 

* The water in Oie well on Soutbunpton Common it «ud to rise at 
the preient time (Augnst I84i), to witfain41Itot7incheaof the Bucfooe. 
Should tbie level be much abore that of tite vent at Otterboume, some 
water must either enter the well from the tertiary strata abore the chalk, 
or enter the bore hole from fissured beds of chalk lower than that which 
has its lowest vent at Otterboume ; and such water-bearing lower beds 
must be separated from that which has i\aM vent at Otterboume, by inter- 
mediate beds of solid and impermeable chalk. All tiiese beds must also 
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tor transmitting water differs in different beds of the great 
chalk formation ; some beds are fragmentary and incoherent, 
and through these the water passes rapidly ; other beds are eo 
continuous and solid, that little or no water can percolate them. 
In the boring at Orenelle, they found no useful water in the 
chalk, nor until they had gone down a considerable depth in 
the sandy and argillaceous beds of the green-aand formation 
below it 5 the lower chalk beds on Southampton Common may 
be equally destitute of water, and a continuation of the present 
borings many hundred feet more through the lowest chalk, into 
the green-sand formation, may possibly produce a jet like those 
from the same green-sand at Paris and at Tours ; but per- 
chance it may Jail to increase materially the quantity of water 
that is already found, and which, if the &cts that are sud 
to be now obserred in pumping from the present supply be 
correct, is sufficient to yield more than 40,000 gallons s-day* 
In 1842 a well had been sunk at Brighton in chalk, which, 
though but 97 feet deep, gave, by pumping with steam, 700 
gallons of water per minute, and 347,000 gallons in 24 hours. 
At 80 feet, they out into a water-bearing bed of chalk, full of 
fissures, from which the water gushed out abundantly. In this 
fissured stratuln they made four horizontal galleries or adits, 
all of them intersecting so many small fissures or crevices, 
loaded with water, that further progress was soon impeded. 
The water in this fissured stratum was descending from the 
chalk hilLs of the South-Downs into the sea, which it enters 
by numerous springs along the shore near Brighton. In two 
of Sir W. Heathcote's wells at Hursley, the lowest bed of 
chalk was dry, and the water was obtained by making horizontal 
adits in a weeping fissured bed, a few feet above the bottom of 
each well. Had the downward digging on Southampton Com- 
mon been stopped when the well arrived at the first bed of 
chalk that gave signs of water, and had lateral galleries been 
driven into that bed, these might have possibly have yielded 

be exempt from any of those great tiaii«reTBe fracturea called &ultB or 
alipg, which wheuever thejr occur below the lerel of the vent of Bubter- 
laneous sheets of water, may fbrm chtmneU of communication between 
ibo water in upper and lower porou« bedi that have an impenneable 
stratum between them. 
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a Buffident supply without boring to the present depth ; but 
in such case the water would not have iLsen to the surface, so 
as to form an overflowing Artesian well. The further con- 
tinuation of the present deep borings may, by possibility, 
intersect a fault, or large fissure, abounding in water, but it is 
much more probable it would not do so ; and as it is impos- 
sible to drive out horizontal galleries from a bore hole, it might 
have been prudent to have driven them from that part of the 
well where the chalk first yielded the smallest streamlets of 
water. 

Mr Clutterbuck had ascertained that a sympathy exists 
between deep wells more than a mile distant from each other 
in London. Every long-continued pumping in the well at 
Beid's brewery, in Liquorpond Street, was felt in the well 
of the New River Water Company, in the Hampst«ad Road, 
more than one mile from the brewery; and as the number 
of deep wells is continually increasing, each of which lowers 
the level of those next adjacent to it, the general level to 
which water will now rise under London has been reduced 
many feet below that at which it stood in the first made well. 
Mr Clutterbuck had further observed that the surface line of 
subterranean sheets of water was not horizontal, like the sur- 
face of a lake, but inclined at a rate varying from 14 to 20 
feet per mile, in consequence of friction caused by the petioles 
of the strata through which those sheets of rain-water descended 
with retarded motion to be discharged by springs. This in- 
clination of the subterranean water line in the chalk of Hert- 
fordshire had been found by Mr Clutterbuck to be nearly at 
the rate of 20 feet per mile in the chalk between Sir John 
Sebrighfs park at Beechwood and the town of Watford, and 
14 feet per mile in the chalk under tertiary strata in some 
parts of the basin of London. The engineers of the South- 
ampton railway had found a similar fell of about 16 or 17 feet 
per mile in the wells at the railway stations between Rasing- 
stoke and Southampton. 

He would now congratulate this town on the recently dis- 
covered evidence of another valuable source of water, of great 
importance to its inhabitants. A true Artesian well, overflow- 
ing from a depth of 220 feet, had just been completed at the 
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rdlway station. The water overflows from this well, at the 
rate of ten gallons per minute, at five feet above the eurlace ; 
at the depth of 100 feet it supplied to the purops 48 gallons 
per minute ; and it is probable, that wherever they might bore 
to the same depth under any house or street in the town, water 
would rise to nearly the same height as that to which it rises 
at the railway station. This water comes from a sandy stratum 
in the tertiary formations that overlie the chalk, which forms 
the foundation of the geological basin in which Southampton 
stands. 

In conclusion, Dr Buckland alluded to the many admirable 
contrivances by which the Creator has adapted both the waters 
and the land to supply the wants of all organized beings He 
has placed upon this beautiful world. The whole of what is 
now dry land had been upraised by the agency of earthquakes 
and volcanic forces from the bottom of the sea ; and the entire 
eur&ce of the globe has been rent by millions of fractures and 
fissures destined, to serve an important purpose, as reservoirs 
and conduits, for pouring everlasting supplies of water into the 
springs and rivers that run among the bills. Amidst apparent 
confusion, science finds method and order ; from seemingly 
discordant and peiturbate elements, she extracts evidences of 
concord and harmony, and benevolent design, teaching lessons 
of gratitude to the Almighty Author ofeverynatural good, the 
giver of every moral benefit and religious blessing. 



On Fosnl Fishes. 

1. Classification. 2. Illustrated by comparative Anatomy. 

3. Importance in Geology. 

Agassiz having now finished his great work on Fossil Fishes, 
we have much pleasure in laying before our readers the fol- 
lowing observations on thb important work : — 

1. Classification. 

1. In a zoological point of. view, the most important fact 

is, that M. Agasaiz'a work makes us acquainted with upwards 

of a thousand species of fishes, more than the half of which 

are described in detail, and carefully represented of the natural 



D,g,t,.,.d.i.COOC^IC 



832 M. Agassiz on J-'otiil Fiahei. 

mze. Such a number of speeies added to the inventory of the 
animal kingdom is an imporbuit acquiaition, a real adTaoce- 
ment in zoology, particnlarly in a class so little known as that 
of fishes. 

So many new species ooold not enter into the systems of 
Ichthyology, withoat causing a necessity for new changes, both 
hy discovering types entirely new, and making as better ac- 
quainted with the affinities of Tarioas groaps and families. 
M. Agaseiz, accordingly, has not confined himself to the 
establishment of a number of species, genera, and even fami- 
lies. He has created a classification entirely new, founded, in 
a great measure, on the importance of fosMl fishes. Cuvier 
admits two great divisions in the class of fishes, the osseous 
fishes, and the cartilaginous fishes. M. Agassiz likewise sepa- 
rates the osseous from the cartila^nons fishes, of which he 
composes his first order, that of Placolid ; but he further 
divides the osseous fishes into three other orders of the same 
value, so that the class of fishes is thus divided into four orders, 
which are, 1*^, The Order of the Plaeoidi ; 2d, The order of the 
Ganoids ; 3d, Order ot the C^neidt ; ith. Order o{ the (peloids. 
This classification is not founded on the skeleton, like that of 
Cuvier, but on the nature of the exterior integaments, the 
scales. M. Agassiz lays it down as a principle, that the ex- 
terior integaments of fishes are the reflection of their int^nal 
oi^nization. Proceeding on this, he examines the different 
families of the class of fishes in relation to their scales ; and he 
finds in the conformation of the exterior cuirass a multitude 
of oharactore, on which he founds his classification. In this 
point of view, it is, first, to be observed, that all the osseous 
fishes, with the exception of certain genera, are covered with 
corneous scales, while the skin of the cartilaginous fishes is 
furnished with plates or spines of a particular form, known 
by the name of shagreen in Sharks, and boucles among Bays. 
The scales of the osseous fishes axe constructod on an entirely 
difierent plan : the differences are even so decided, that they 
have appeared sufficient to M. Agassiz to serve as a basis 
to the three orders Cycloid, Ctenoid, and Ganoid. The 
Cycloids and the Ctenoids, which comprehend nearly all the 
osseous fishes of our era, are both possessed of corneous scales ; 
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bui they differ in this, that the one, the Ctenoids, have the 
posterior edge of the seales denticulated, while in the Cycloids 
the same edge is entire. The author endeavours to prove 
that this distinotioo, apparently insignificant, ia, notwithatand- 
ing, founded in nature ; that it is the expression of 4 funda- 
mental feature, which, in like manner, appears in the other 
parts of the body. It is thua that the fishes possesaing den- 
ticulated or pectinated scales, are ifi general stuck over with 
spines on the head, the operculum, and various parts of the 
body, while the others, the Cycloids, are smooth fishes, without 
any armature. M. Agaesiz considers the family of perches 
and its allies as the type of bis order of Ctenoids; and the 
family of carps, salmon, and pikes, as the type of the order 
Cyolo'id. This division, therefore, corresponds to a certain 
point with Cuvier's division, into Aoanthopterygians and Mala- 
eopterygiauB ; and tliis coincidence will be eoffioient of itself 
to prove the necessity that exists for separating these two 
types, since we arrive at the same result by ways entirely 
opposite. Is M. Agassiz's method moro successful in this than 
that of Cnvier t We scarcely believe that it is ; and already 
the researches of other naturalists have pointed out fishes be- 
longing to the same family, some of which have the scales of 
the cycloids, and others the so^es of the ctenoids. Yet we 
willingly admit, that, for the study of fossil fishes, the' distinc- 
tion derived from the scales is of greater practical value than 
that which is founded on the structure of the dorsal fins. 

M. Agassiz's second order, Ganoid, appears to us much better 
founded. Two fishes exist in the Nile and in the rivers of 
South America, which have at all times embarrassed ichthy- 
ologists. One of them, that of the Nile, is known under the 
name oi Bichir (Polypterus BicMr) ; the other, that of Ame- 
rica, under the name of the Osseous Pike (Lepidosteus), be- 
cause in its exterior it resembles oar pike. Both these fishes 
are covered with scales, of a form and structure quite peculiar. 
Instead of being placed one over another like tiles on a roof, 
as among ordinal^ fishes, they are simply placed beside each 
other, and their surface is covered with a coat of enamel, 
which forms a very solid cuirass. M. Agassiz has examined 
these fishes in an anatomical point of view, and differonces 
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appeared in their ^eleton not lees remarkable than in the 
scales and soft parts of the body. Notwithstanding that, he 
would have hesitated to insulate these fishes completely irom 
the other great famiUes ; and particularly because, when their 
email number is considered, it would have been contrary to all 
methods, to place them on the same rank with the Placolds on 
the one hand, and the osseous fishes on the other. Bot what 
the study of recent fishes did not wairant, was justified by the 
study of fossil fishes. We have met with an ichtbyological 
fantia possessed neither of the characters of the osseous nor of 
the cartilaginous fishes, but which remind us in every respect 
of the Bichir and Lepidosteus. Thus it is that these two genera 
of fishes, which appear so exceptional in the existing creation, 
really form a type by themselves, which, however small in 
nnmber in our days, is not the less, on that account, the expres- 
sion of an entire order of things. By grouping round these 
fishes all the numerous fossils whose scales are of the same 
structure, M. Agaseiz forms of them his division Ganoid, which 
already contains many hundred species, and which promises 
always to become more numerous ; for, as we shall afterwards 
see, it is it which predominates in all the epochs anterior to the 
chalk. M. Agassiz has determined many distinct femtlies in 
this order; the two principal are that of the Saurdids, to 
which the Lepidosteus and the Bichir belong, and that of the 
Lepidtiidg, which comprehends inoffensive, and probably om- 
nivorous fishes, similar in their physiognomy to our carps, but 
which have no representative in the present era. 

To each of the four orders a volume is devoted, accom- 
panied with a magnificent series of plates, in which all the species 
described are represented. In the descriptions, which are often 
very much in detail, the author has not confined himself to the 
indication of the particular characters of the iohthyolite with 
which he is specially occupied. It is seldom that he does not find 
an opportunity of introducing some reflections of general inte- 
rest on the family to which the fish he is describing belongs, 
on its distribution or its mode of association with other fossils, 
and on the circumstances in which it is probable the animal 
lived. Besides, the study of the families or genera vrfiioh have 
representatives in the present period, is commonly preceded by 
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a description of the ekeleton of a tiviiig species, in order to 
facilitate and complete the knowledge of the fossil species, 
which, not being usually preserved entire, are on that account 
more difficult to determine. If, on the contrary, he treats of 
fomilies wholly extinct, the author has endeavoured to afford 
a similar advantage by restored figures, representing the fish 
with the form and ornaments which may be supposed to have 
belonged to it, judging from the preserved remains. 

2. Fossil Fishes important in an anatomical point of vietc. 

M. Agassiz's work is not a less important contribution to 
anatomy than it is to zoology and geology. Obliged to study 
minutely, not only the external form, bat also all the parts of 
the skeleton in living fishes, in order to determine the detached 
analogous pieces met with in the strata of the earth, the author 
was under the necessity of tracing, with the greatest care, the 
DumerouB modifications which these same bones undergo in the 
different families of the class of fishes. There can be no doabt 
that this is the most difficult part of the work ; for in no other 
class of the vertebrata is the osseous frame-work so variable. 
We have only once to examine the head of a fish in order to 
perceive the difficulty of referring all the pieces to a constant 
type ; for not only are the bones of the head more numerous 
among fishes than among the other vertebrata, but they are 
combined in so many different maimers, that it is very difficult 
to detect their true relations. On t^e other hand, age induces 
very considerable changes, not only in the form and dimen- 
^ODs of the difierent bones, but even in their structnre, and to 
such a degree that the same bone often cannot be recognised 
in the different stages of life. Hence the necessity of studying 
the development of all the parts of the skeleton, in order to 
be in a condition to distmguish with certainty the essential 
characters &om the secondary characters — what is constant 
from what is transitory. Considered in this light, the re- 
searches which the author has undertaken, in connection with 
M. Vogt, on the embryology of the SahnonidsB, must have affi)rd- 
ed him great assistance ; they have, above all, given him the 
means of appreciating the relative value of the different organs, 
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and the nmk which the families ought to occupy id the ich- 
thyido^cal scale. 

These comparative studies have led oar author to the dis- 
covery of a capital fact, whi^ had not previously been an- 
nounced, namely, that a remarkable paralldism exists between 
the development of the individual and the development of the 
entire class in the order of time- In the earlier periods of 
embryonic life, no vertebral column exists. This organ is 
represented, in embryos, by a gelatinous cord, which is called 
the dorsal cord. It is around this organ, which continues for 
a longer or shorter period in all fishes, that the vertebree are 
formed in the shape of osseous rings. These rings insensibly 
enlarge, luid always encroach more and more on the dorsal 
cord, which at last altogether disappears in the majority of 
fishes. There are certain types, however, the sturgeon, for 
examfde, where it remains during the whole life ; accordingly, 
this fish has no vertebrm, and the apophyses rest immediately 
on the dorsal eord. iJov, M. Agassis makes ns acquainted 
with the fact, that this is likewise the case with the fishes of 
the ancient epoch. All of them possess distinct spiny apo- 
physes, often very strong and completely ossified, but they ex- 
hibit no traces of distinct verteforts ; whence the withor o<hi- 
dudes that they were deprived of these organs, and that the 
dorsal cord continued in them during the whole period of life, 
as in the sturgeon. 

We may make a single remark with regard to the relative 
superiority of the living types. Here, also, embryology erery- 
where reveals to us a wonderful parallelism. There is no fish, 
however imperfect it may be, whose organization does not cor- 
respond to one or other of the phases of life in the most per- 
fect types. Let us take the lamprey for an example, or that 
still more imperfect fish known by the name of Amphioxua or 
Sraachioatoma, and which was arranged by Linmeus amoi^ 
the Vermes, so widely does it differ from ordinary fishes. Of 
these two types, the first has only the cartilaginous base of 
the oraniuu) ; the second is completely destitute of it, and the 
dorsal cord extends as far as the extremity of the muzzle. 
The first has only a single fin, more or less separated ; in the 
second, this fin uniformly surrounds the entire body. Finally. 
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neither the oae nor the other is posseasod of trae jaws- Now, 
it will be observed that our most perfect fiahea, such aa the 
aahnoD, hare a period in their lives when the; are at thia 
point of development ; only in the one this period ia temporaiy, 
a progress towards a state of higher development ; while in the 
others it ia the extreme term of development. These oonai- 
derationa are of great importance in a philoaophioal point of 
view, especially when we conaider the applieation that may be 
made of them to the other classea of the animal kingdom. 
They have alao served as a guide to oar author in the rank he 
assigns to the different families of fishes according to their 



The direction thus ^ven to hia studies necessarily led M. 
Agassiz to discuss many questions of more general interest, 
respecting which anatomists are not yet agreed. What he 
says respecting the formation of the cranium appears to ua 
particularly interesting ; and no one, we think, can read the 
following reflections without feeling their force. He eaya,— 
" I have shared with a multitude of other naturalists the opi- 
nion which regards the cranium as compoaed of vertebrse. I 
am, consequently, in some degree called upon to point out the 
motives which hare induced me to reject it. Thia I shall do 
the more freely, since we may now discuss tiie question in all 
its aspects without fear of wounding the feelings of others. 

" M. Oken was the first to assign this signification to the 
bones of the cranium. The new doctrine he expounded was 
received in Germany with great enthusiasm by the school of the 
philosophers ef nature. The author conceived the cranium to 
consist of three vertebne, and the basal occipital, the sphenoid, 
and the ethmoid, were regarded as the central parts of these 
cranial rertebne. On these alleged bodies of vertebrsB, the arches 
enveloping the central parts of the nervous system were raised, 
while on the opposite side were attached the inferior pieces 
which went to form the vegetative arch destined to embrace the 
intestinal canal and the large vessels. It would be too tedious 
to enumerate in this place the changes which each author intro- 
daced in order to modify this matter, so as to make it suit hia 
own views. Some went the length of affirming that the vertebrie 
of the head were aa complete as those of the trunk ; and, by 
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means of various dismemberments, separations, and combina' 
tlons, all the fonns of the cranium were referred to the ver- 
tebrse, by admitting that the number of pieces was inTariably 
fixed in every head, and that all the vertebrata, whatever 
might be their organization in other respects, had in their 
heads the same number of points of ossification. At a later 
period, what was erroneous in this manner of regarding the 
subject was detected ; but the idea of the vertebral composi- 
tion of the head was still retained. It was admitted as a 
general law, that the cranium was composed of three primi- 
tive vertebrffi, as the embryo is of three blastodermic leaflets ; 
but that these vertebra;, like the leaflets, existed only ideally, 
and that their presence, although easily demonstrated in cer- 
tain cases, could only be slightly traced and with the greatest 
difficulty in other instanccB. The notion thus laid down of 
the virtual existence of cranial vertebras did not encounter very 
great opposition ; it could not be denied that there was a cer- 
tain general resemblance between the osseous case of the brain 
and the rachidian canal ; the occipital, in particular, had all the 
characteristic features of a vertebra. But whenever an attempt 
was made to push the analogy further, and to determine 
rigorously the anterior vertebrse of the cranium, the observer 
found himself arrested by insurmountable obstacles, and he 
was obliged always to revert to the virtual existence. 

" In order to explain my idea clearly, let me have recourse 
to an example. It is certain that organized bodies are some- 
times endowed with virtual qualities, which, at a certain 
period of the being's life, elude dissection, and all our means 
of investigation. It is thus, that, at the moment of their 
origin, the eggs of all animals have such a resemblance to 
each other, that it would be impossible to distinguish, even by 
the aid of the most powerful microscope, the ovarial egg of a 
craw-fish for example, from that of true fish. And yet who 
would deny that beings in every respect different Irom each 
other exist in these eggs ] It is precisely because the differ- 
ence manifests itself at a later period, m proportion as the 
embryo develops itself, that we were authorized to conclude, 
that, even from the earliest period, the eggs were difierent ; that 
each had virtual qualities proper to itself, although they could 
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not be diBCorered by our Bensea. If, on tbe contrary, any 
one should find two eggs perfectly alike, arid shoiild observe 
two beings perfectly identical issue from them, he would 
greatly err if he ascribed to these eggs different virtual quali- 
ties. It is, therefore, necessary, in order to be in a condition 
to suppose that virtual properties peculiar to it are concealed 
in an animal, that these properties should manifest themselves 
once in some phase or other of its development. Now, ap- 
plying this principle to the theory of cranial vertebne, we 
should say that if these vertebne virtually exist in the adult, 
they must needs shew themselves in reality, at a certain period 
of development. If, on the contrary, they are found neither 
in the embryo nor the adult, I am of opinion that we are en- 
titled likewise to dispute their virtual existence. 

" Here, however, an objection may be made to me, drawn 
from the physiological value of the vertebrte, the function of 
which, as is well known, is, on the one hand, to furnish a 
solid support to the muscular contractions which determine the 
movements of the trunk, and, on the other, to protect the 
centres of the nervous system, by forming a more or less solid 
case completely around them. The bodies of the vertebne are 
particularly destined to the first of these offices, the neura- 
pophyses to the second. What can bo more natural than to 
admit, from the consideration of this, that, in the head, the 
bodies of the vertebrm diminish in proportion as the moving 
function becomes lost, while the neurapophyses are consider- 
ably developed for protecting the brain, the volume of which 
is very considerable, when compared with that of the spinal 
marrow 1 Have we not an example of this &ct in the verte- 
bne of the tail, where the neurapophyses become completely 
obliterated, and a simple cylindrical body alone remains !f 
Now, may it not be the case, that, in the head, the bodies of 
the vertebrte have disappeared ; and that, in consequence, there 
is a prolongation of the cord only as &r as the moving^ func- 
tions of the vertebrjB extend % There is some truth in this 
argument, and it would be difficult to refute it a priori. But 
it loses all its force the moment that we enter upon a de- 
tailed examination of the bones of the head. Thus, what 
would we call, according to this hypothesis, the principal sphe- 
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noiil, the great wings of the sphenoidt and the ethmoid, which 
form the floor of the cerebral cavity 1 It may he Bud tliey 
are apophyBes. But the apophyses protect the nervous centres 
only on th« side and above. It may be said that they are the 
bodies of the vertebrto. But they are formed without the 
concurrence of the dorsal cord ; they cannot, therefore, be the 
bodies of the vertebrte. It mnst, therefore, be allowed that 
these bones at least do not enter into the vertebral type ; that 
they are in some meaanre peculiar. And if this be the case 
with them, why maynot the other protectire plates be equally 
independent <tf the vertebral type ; the more so because the 
relation of the frontals and parietals vary so much that it would 
be almost impossible to assign to thraa a constant place." 

Microscopic studies had also to furnish their contingent to 
M. Agassiz's work, since the rcEenrches of Mr Owen on the 
structure of the hard parts of uniraal bodies, and especially the 
teeth, have demonstrated that a perfect regularity and a woU' 
derfiil uniformity exist in the arrangement of the smallest 
fibres of these organs. The knowledge of these details is par- 
ticularly valuable for the study of the fossil PlacoKds, of which 
we possess only teeth and fin rays, the other parts of the skele- 
ton not being fitted for preservation in a fossil state on ac- 
count of their soft nature. Even in the existing &uua, there 
is a group of Sharks, whose teeth are so like each other iu ex- 
ternal form, that it is almost impossible to distinguish them ; 
for example, the teeth of the Lamnro and those of the true 
Sharks {Carckaricu), or the teeth of the true Sharks and the 
Carcharodons. But examine their internal structure, and you 
will find remarkable differences. The same thing applies to 
the rays of the fins, in so much that hereafter it will be suffi- 
cient to cut a slice from a tooth or a ray, and to examine it 
with the microscope, to ascertain correctly to what animal it 
has belonged. We may, in like manner, determine by means 
of this ingenious proceeding, even the smallest fragments, pro- 
vided they are capable of being cut into fine slices. We con- 
gratulate M. Agassiz on having devoted a certain number of 
plates to the study of these detaib, which appears to us destined 
continually to acquire more importance in paleontology. The 
same affinities, the same transitions which ti^e place from one 
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genos to another, and firom one fatally to another, likewiBe re- 
appear in these detmls. It is thus that the Saurofda, which 
of all fishes approach nearest to Reptiles, have teeth of a 
Btruetuie very eimilar to that of the Ichthyosauri, while the 
Sharks, which occupy a lower degree in the scale, shew quite 
a different structure. 

3. Importance of Fossil Fishes in a geological point of view- 
It is by their geological importance that M. AgaBsiz's Se- 
searches on Fossil Fishes are particularly destined to create a 
sensation. Even in the earlier parts of the work, the author, 
by comparing the fshes of the different formations, found an 
opportunity of throwing new light on the relative age of many 
of these formations. He was thus led (to mention only a single 
example), by the study of the fishes enclosed in the slates of 
Glaris, to demonstrate that this deposit, previously regarded 
as belonging to the most ancient sedimentary formation, the 
gieywacke, is much more recent, and is a part of the creta- 
ceous formation. Another more general resultof M. Agassiz's 
work is, that not only ail the fossil species are diSferent from 
those that live in our days, but that they are equally distinct 
as we proceed from one formation to another. Besides this, 
the author does not only limit these differences to the great 
formations ; he establishes them also in the diverse stages of 
the same formation. It is thus that he does not find identical 
species in the lias and the upper Jura, in the inferior and su- 
perior deposits of the chalk, in the ancient and recent poi^ 
tion of the Terti^y class, &o. Now, the natural consequence 
of these differences is, that the entire creation has been re- 
newed at these different epochs by a direct intervention of the 
Creator. Such a conclusion will perhaps seem rash ; but it 
appears that observation tends to conSrm it more and more ; at 
least M. D'Orbigny arrives at nearly the same results by the 
study of the teataceons animals. 

Along with these differences, so omstant and so regular, the 
author likewise discovers a genetic connection between the type 
of fishes and that of the other classes of the vertebrata, when 
their development is considered throughout the different geo- 
logical epochs. The conaiderstions which he attaches to this 
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&ct are as cew aa they are bold ; for they tend to nothing less 
than to prove, that fishes are in some sort the primitiTe trunk 
fi-om which, in the course of time, the diflbrent other classes 
of tlie vertebrata have been detached. It is, indeed, corioos 
to observe, that fishes have been, during the whole Transition 
period, the only representatives of the vertebrata. There is, 
in particular, a type of voracious fishes, which arrives at its 
apogee in this period ; namely, that of the Sauroids, whidtt 
seems to have then shared with the sharks the empire of the 
seas, in so much that this period may be justly called the reign 
offiihtt. 

Only at a later date, during the Triassic period, reptiles ap- 
peared, and they soon became, in their turn, the lords of the 
creation, principally in the Jurassic formation, when the Ich- 
thyoeanri and the Plesiosauri inhabited the scarcely formed 
coasts of Europe, It was then the reign of reptUea. A mul- 
titude of fishes belonging to new Bpcciea existed along with 
tliese reptiles, but they lost the pre-eminence ; and if many 
of them attract observation by their large size, they are still 
tax from equalling the power of the great S&uioids of the car- 
boniferous epoch. 

With regard to mammifera and birds, M. Agassiz makes 
their reign commence only with the tertiary epoch ; and here, 
perhaps, his system ie open to critidsm, for he is not ignorant 
that there exist mammifera of the Jura period (the fossil Didel- 
phis of Stonesfield) ; and we believe that he has distinctly ad- 
mitted that it is to the type of the mammifen that these sin- 
gular remains ought to be referred. If he takes no account of 
them in bis system, it is, no doubt, because he regards them as 
an exception ; and, in &ct, it is curious that we meet with no 
other remains of mammifera in the subsequent strata of the 
Jura formation and of the chalk formation, while they appear 
suddenly in extraordinary abundance, and of colossal dimen- 
sions, in the tertiary epoch. With regard to birds, M. 
Agassiz has himself informed us that unquestionable traces <£ 
them exist in the elates of Glaris. Now, while we acknow- 
ledge the ingenuity of regarding the succession of types in 
this manner, it would still be of much importance, in the in- 
terest of the system, Uiat neither mammifera nor birds were 
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found in the secondary epoch ; for if it is the task of a system 
to assign a reason for all the phenomena which it embraces, 
it is evident that precursors of the kind alluded to, such as the 
Didelphis of Stonesfield and the hirds of Glaris, oGfer difficul- 
ties of no easy solution. 

At the top of the scale of the vertebiata, our author places 
man as the crown of the creation, and whom he regards as 
the object and end of the creation. According to M. Agassiz, 
it is with reference to man that this successive and continuous 
development, from fishes to reptiles, from reptiles to birds and 
the mammifera, and &om the latter to man himself, has been 
effected. But this process of perfection has not been effected 
by filiation — ^by direct procreation, since all the species are 
different as we go firom one formation to another. The bond 
which unites them is not a material bond ; it exists in the 
mind of the Creator, who had in view an intelligent being 
whom he designed to be sovereign over all. M. Agassiz thus 
expresses his thot^hts on this subject : — " The pr<^ressive 
connection, as if by the links of a chain, of the four classes of 
vertebrate animals, is a feet which contrasts, in every respect, 
and in a very striking manner, with the uniform and parallel 
development of all the classes of the invertebrata. The gra- 
dation of the Tertebrates is so much the more remarkable, on 
account of its direct connection with the advent of man, whom 
we may consider not only as the term, but also as the object 
of alt this development. Let us first regard fishes, which ap- 
peared first. Plunged in a medium denser and less mobile 
than the atmosphere, they are always found in conditions of 
existence less varied than those of tenestrial animab. Their 
body k all of a piece ; their head is not detached from the 
trunk, of which it is nothing else than a simple prolongation ; 
their organs are obtuse, and their faculties very limited ; their 
members placed in pairs are not the principal organs of 
motion, and there exist only very slight relations between 
individuals of the same species. Reptiles, which succeed 
fishes in the order of time, present us with a more perfect 
organisation ; their head is more or less detached ^m the 
rest of the body, and can even be raised above the horizontal 
line which the trunk still forms ; the members in pairs, when 
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they exist at all, are true looomotiTe organs ; they canQot, 
howerer, elevate the whole maes of the body, which is dragged, 
rather than carried, by the feet. These animals ate evidently 
superior to fishes in the development of the organs of the 
senses and intellectual faculties ; more varied relations be- 
tween individuals' of the same species are accordingly found 
among them. In birds, which come nesrt in order, wo observe 
a very remarliAble development. Without attempting to de- 
monstrate the indisputable superiority of their organization 
over that of the two preceding closes, I shall insist only on 
this single feet, that their bodies can be completely raised 
&om the ground by means of their locomotive members, 
which present, in their disengagement from the body, the 
most striking contrast with the locomotive appendages of 
fishes and reptiles. We constantly find in birds two kinds 
of locomotive members, wings for fiight, and feet for walking 
or swimming ; and, what is curious, when they rest, these 
animals support themselves only on their posterior limbs, the 
body and head inclined forward and upwards. Among the 
mammifera, we find, fox the first time, an organization in 
which all the limbs harmonize— ell of them maintaining the 
body in an elevated position. We need not be sarpriaed, 
however, to find, in this class, types as varied as the Cetacea, 
Quadrupeds properly so called, the Cheiroptera, and the quad- 
rumana ; for, after a development as eccentric as that of birds, 
what can be mote natural than to find the mammifera repro- 
duce, in their sphere, forms whidi recall inferior types, as if 
it were definitively to overcome the relations which connect 
animals with the soil, before attaining to the noble gait and 
free movements which characterise man, and which permit 
him to elevate his fiice towards his Creator — to contemplate 
the entire universe — to perceive the laws which regulate it, 
-—and to prostrate himself with gratitude and love before 
Him to whom he is indebted for such marvellous preroga- 
tives." 

The class of fishes, considered in itself, has likewise under- 
gone numerous modifications duting the series of getdogical 
ages, from the period of die transition formations down to our 
own times. Here, as in all the other classes of the ejiimaX 
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kingdom, the fossil species bear a greater resemblance to the 
liting epecieB, in proportion as they belong to strata more 
recent; and each new formation is a further approach to- 
wards the actually existing state of things. The most im- 
portant change in the entire dara of fishes, has taken place at 
the end of Jura epoch. Up to that period, all the fishes had 
a peculiar physiognomy, in general very different from that 
which we now perceive them to possess ; no other kinds were 
to be met with but the Ganoid and the Placoid. It was not 
till the time of the chalk formation that the two other orders, 
the Cteno^ and the Cyclolid, which almost exclusively pieTaLl 
in the present creation, made their appearance. The first 
types of these orders belong, for the most part, to extinct ge- 
aera, allied to our Clupe» and Tunnies. In this epoch, fresh 
water fish were still wanting. The fishes of the tertiary epoch 
are much more nearly related to those of our own times ; a 
great number belong to genera now existing : we find true 
Tunnies, true Olapese, true Anchovies, true Smelts, and fresh- 
water fishes well characterised, such as Pikes, Leucisci, Tenches, 
Loaches, Gudgeons, &&, but neither Trouts nor Salmon. On 
the other hand, the Ganoids become more and more rare in the 
tertiary formations. In a word, the Ichthyological Fauna of the 
tertiary deposits, whether viewed as a whole or in its details, 
presents the greatest analogy with that of our own times. In 
order to shew mote conspicuously the signification of these 
different cliajiges, the author has represented them, in a very 
ingenious manner, in a pictorial sketch, which indicates the ap- 
pearance of the different lamiU^, and their development, rela- 
tively to the different eras. — (Plate St/, contained in this 
JVTo.) 

It is, in general, to the tertiary fossils that those geolc^sts 
who do not admit marked differences between the Faunas of 
the different epochs, have recourse, in order to establish, ac- 
cording to their views, the filiation of species across the dif- 
ferent formations. They have even founded on the propOT- 
tional number of living species of moUusca, which they pre- 
tend to have discovered in the strata of this period, a division 
of the tertiary class into Eocene, Miocene, and Pliocene forma- 
tions. Now, if these identities had been real, they ought to 
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have appeared equally among fishes. This was the capital 
point to establish. The fishes of the celebrated locality of 
Monte-Bolca had, it is true, been referred by Volta, without ex- 
ception, to species actually living in the Mediterrmiean ; but it 
vas easy to see that the determinations of the author of the 
Ittiolitologia Veronese were not the result of sufficient study ; 
many naturalists had pointed out his errors even by a simple 
comparison of the plates. In order to be perfectly certain in 
this respect, it was of importance to compare the ori^nals 
themseWes. This M. Agassiz has done, with the greatest de- 
tail, in the Museum of Paris, where the collection of Count 
Oazzola, and the greater part of the originalB of Volta's work, 
are preserved. He was not loog in discovering that all the 
species were new, and that about the half belonged even to ex- 
tinct genera. 

M. Agassiz has arrived at nearly the same results with re- 
gard to the fossil fishes of another deposit, equally celebrated, 
the species of which had also beeu regarded as identical with 
those of oox own times ; I mean the fishes of Oeningen. The 
formation of Oeningen is a freah-water deposit of more recent 
date than Monte-Bolca. The fishes it cont^ns are very similar 
to those which now live in the Lake of Constance, and almost 
all belong to the same genera. Now, when we consider how 
little our Leucisci or poissons btanc» differ from each other, we 
might fear that the analytical method employed by Agassiz 
would not be sufficient Fortunately, the fishes of this locality 
are in general admirably preserved, so well that we can study 
the details of their skeleton with as much precision as that of 
a living species. From the minute comparison our author has 
made of these fossils with the fishes of the lake of Constance 
and the basin of the Rhine in general, it appears that not only 
are these fossils different from their living analogues, but also 
that they equally differ &om the fossil species of the other 
great hydrographical basins, and in particular, &om the species 
of M^nat in the basin of the Rhone. Now, in order that it 
could happen thus, it is necessary to admit that at the period 
of the deposition of these formations, the two basins of the 
Rhone and the Rhine were already separated ; for if they had 
communicated with each other, and if the fishes which now in- 
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habit them were the direct descendants of the fossils of Oehiu- 
gen and M^nat, it would follow that we ought no longer to 
meet with Bpecies peculiar to them either in the basin of the 
Rhone or in that of the Rhine. Now, every thing leads ns to 
believe that the lake of Constance, as well as the greater part 
of the Swiss lakes, were produced by dislocations posterior to 
the deposition of the tertiary formations ; and that being the 
case, how could the fishes of Oeningen aurvive catastrophes 
which have produced such modifications in the form of the sur- 
&ce of Switzerland ? The consequence of these &cts is obvious. 
If we succeed in demonstrating that certain basins, like certain 
terrestrial regions, are Lohabited by peculiai species not foimd 
elsewhere in contemporaneooB deposits, we must thence con- 
clude that the creation has been not only renewed at different 
geological epochs, bat also that the successive creations have 
been more or less local ; that is to say, the species have been 
created in the places which they inhabit, and that a limit has 
been assigned to each which it does not overpass, as long as it 
remains in its natural conditions. It is only man, and a small 
number of species he has associated with him, that are not sub- 
ject to this general law. And as the migrations of these same 
species have taken place under the direct influence of man, we 
may thence conclude that they did not take place in the ante- 
rior ages.* 



On the Caute of the Electricity of Steam. By G. A. Rowell, 
Esq. Commnnicated by the Author.t 

The cause of rain, evaporation, and atmospheric electricity, 
having engaged my attention for many years, I endeavoured, 
in two papers read before the Aahmolean Society, 1639J; and 
i$41,§ to shew that evaporation is caused by the increase of 
the surface of particles of water by expansion, and that thus 

* From Bibliotb^ue UniTetselle de G^n^ve, Ho. 100, p. 331-356. 
t K«ad before the Aahmolean Society, February 26. 1844. 
X Vide Report of the British ABsouation, Glasgow Meeting. 
§ Loodon and Edioburjih PhiloEophical Hagazino, vol. xx., p. id. 
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IttviDg a greater cqncitf for electritaty, the; are buoyed op 
by tlieir coating of electricity w » bullet may be butted op 
in water by a coating of cork, and that no evaporation at Igto 
temperaturet could go o» without electricity ; that the t^kxit 
so raised into tJie air, when condensed, becomes sorcbai^^ 
with electricity, and tbos remains suspended nntil the aor- 
duige escape, either as lightning, or else imperceptibly, to 
the earth, when the remaining coating <^ electricity being 
insnfficient to buoy op the particles of vapoor, ihey fall as 
run, &C. ; and that it is possible to cause rain at will by 
rusing electrical conductors to the clouds, by means of bal- 
loOTis, and tbtis enabling the surcharge of electrici^ in the 
doods to esc^w to the earth. 

The discovery of the electricity of steam I considered a 
strong support of these opinions ; but a theory having been 
proposed by Dr Faraday, who explained the electricity of 
steam as caused by the friction of particles of water cairied 
alcHig by the steam rubbing against the sobd matter of the 
pass^e throng which the steam b escaping from the boiler, 
-^the followJBg is an attempt to ^ew that the riectiicity of 
steam is not caused by iriction, but by its expuiBion> on 
escaping from the boiler, thus carrying off electricity, and 
renderiog the boiler (if insulated) negative, the steam again 
giving ofl* its positive electricity when condensed ; and that 
the phenomena of Dr Faraday's experiments will support this 
hypothesis- 
One experiment, which I believe tells against the theory 
of friction is as follows : — " An insulated wire was held in the 
stream of steam issuing from a glass or metal tube, about half 
an inch from the mouth of the tube, and was found to be ua- 
excited; on moving it in one directioD, a little further ^ it 
tva$ rendered positive, on moving it in the other directioQ, 
nearer to the tube, it wat negative" In addition to this, both 
Mr Armstrong and Mr Fattison, in their experiments, found 
the greatest development of electricity at some distance from 
the boiler, in some cases tive or six feet. 

I cannot conceive how this phenomenon can take place 
if the excitement is caused by friction of the particles of water 
in the tube, as in that case I believe the strongest develop- 
ment of electricity would be at the mouth of the tube or 



D,g,t,.,.d.i.COOC^IC 



Mr Rowell on the Eteetrictfy of Steam- 349 

boiler ; bnt it fiilly agrees with the hypothesis that the pbeno' 
menon is caused b; the expansion and contraction of the par- 
tioles of Bteam. 

All the experiments on the enbjeet shew, that the steam 
within the boiler is not eleetrified, and that the electrical 
deTclopment takes place on ita escape from the mouth of 
the tube. At this point, there is an enormous expansion of 
the steam ; and it then takes up its portion of electricity, 
according to its expanded surface, in the same proportion as 
the electrical state of the boiler, or rather the issue tube. If 
the boiler or tube be insulated, they will be rendered nega- 
tive; the steam at this point is so also ; but, as it begins im- 
mediately to condense, it is, at a short dbtance, neutral; 
and, on a further condensation, and consequent diminution of 
surface, the steam becomes positively electrified, 

The cause of the increase, through ii-iction, of the electri- 
city of steam, is probably from its bringing a greater quantity 
of the steam in contact with the issue tube ; thus enabling a 
greater portion of the steam to take up its coating of electri- 
city than could be the case if escaping from a round smooth 
aperture ; as, in that case, owing to the non-conducting powers 
of Hgh pressure steam, only the exterior particles of the 
column of steam could take their fall coating of electricity. 

The presence of water in the tube may increase the elec- 
trical development, by rendering the connecting and issue tube 
a better conductor of electricity from the boiler to the mouth 
of the issue tube. 

The necessity for the issue tube being a good conductor of 
electricity is shewn by the experiments of Dr Faraday, who 
says, " A metal, glass, or box-wood tube, well soaked in distil- 
led water, being used for the steam issue, the boiler was ren- 
dered well negative, and the steam highly positive ; but if a 
quill or an ivory tube be used, the boiler received scarcely any 
change, and the stream of steam is also in a neutral state." 

This must be owing to the difference in the conducting 
power of the various tubes, and not to the difference in the 
friction they occasion, as metal, wood when well soaked in 
water, and glass, from its becoming damp from the steam, are 
good conductors, and would supply the escaping steam with 
electricity ; but quill and ivory being non-conductors, and hav- 
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ing a tendency to resist dampness, wonld prevent the supply 
of sofficieot dectncity to cause any strong developioeeb 

Every insulated substance held in the current of steam Axim 
ivory or quill tubes became negatively charged, from the steam 
taliifig off a portion of their electricity. 

- ; That electricity cannot be obtuned from currents of low 
pressure steam, may be accounted for by the increased con- 
ducting power of steam in this state preventing any develop- 
ment of electricity in the condensed steam, by conducting the 
electricity back to the boiler the instant any accumulation 
takes place : even the addition to high pretntre steam of any 
saline or other substances (which increases the conducting 
power of water) prevented electrical development. 

It is difficult to account for the absence of electricity when 
the valve of the boiler was lifted, in Dr Faraday's experiments, 
as both Mr Armstrong and Mr Pattison performed most of 
their early experiments from the safety valves of several boilers, 
and Mr Armstrong states that on one occasion " the engine 
was rendered intensettf negative by a copious emis^on of steam 
from the valve." It may be owing to the small pressure on the 
boiler used by Dr. Faraday. 

With respect to the cause why oil of turpentine, olive oil, 
&c., renders the steam negative, I can form no opinion, but 
believe that any substance irtiich would reduce the conduct- 
ing power fr<MDa the boiler to the mouth of the tube, in any 
great d^ree, would render the stream of steam negative, by 
preventing the particles of steam obtaining their coating of 
electricity. 

The increase of electricity, with the increase of pressure 
on the boiler, may be accounted for ; as the expansion of 
steam on escaping from the boiler increases also with the 
pressure. 
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Mitcelfaneout ObtervaHont on jittimal Heat. By John Davt, 
MJD., F.R.S. L. and R* 

1. On the Temperature of the Pelamidet. 2. On the Tempe- 
rature of Man in advanced age. 3. On the Effect of Air of 
different Temperatures on Animal Seat, 4. On the Effect 
of Exercise on the Temperature of the Body. 

I. On the Temperature of (he Pelamidei [Felamyt Sarda, 
Cuv. and Val.) 

Fisbes generally are comnionly. considered as eold-blooded. 
In a work pablbhed in 1839, 1 have stated particulars tend- 
ing to shew that this conimonly received opinion is not uni- 
versally correct, and that fishes of the genus T^yunus, with 
some others of the Scomber fapjily, may be infetred to be an 
eiceptionj. 

As this inference was founded chiefly oa reports of fisher- 
men, it appeared very desirable to determine by actual ther- 
mometrical nieasurement what is the exact temperature of 
fishes of this family. 

Hitherto, although watching for opportunities, and promised 
the aid of friends favourably situated, I have not been able to 
make any observations of the kind req^uired, excepting on one 
species of these fishes^ the Felanudes, the Pelamy» Sarda of 
Cuvier and Valenciennes. The Pelamides, like tnost of its 
congeners, is migratory in its habits. In the early part of 
summer it appears in the sea of Al&rmora and the Bo^horos, 
and in August in the Black Sea, from whence, after spawning, 
it returns in September and October, on its passage to the 
Mediterranean^ It is caught in the ssjne manner as the 
Tunny. 

In June 1841, whilst at Constantint^le, I visited a fishing 
station for this fish, in an inlet of the sea of Marmora, and 
was present when a small capture was made, enabling me to 

* Phil. Transactloiia, Part I. for 1344. Received NoTember S.— Read 
December 11, 1843. 
t RMearchei, Phjeiological and ADatomical, vol. L p. S18. 
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ascertain the temperature of four specimetifi. This was done 
the instant they were taken out of the water, being in a boat 
alongside the net, by introdncing a thermometer with a pro- 
jecting bulb, through a small incision, into the muscle of the 
back, abont an inch and a half, and immediately after into the 
cavity of the abdomen. Tn three instances, the thermometer 
in the back rose to 75° Fahr. ; in one to 74° ; in all, in the 
abdomen, it rose to 7^. The Felamides were of moderate 
size, between two and three feet long. The air at the time 
was 71° ; the sea at the surface 68° : but probably at the deptii 
from which the fishes were taken, it was a few degrees lower, 
the descending current of the Bosphorus then being, where 
coldest, at 62". 

Supposing that the water from which they were taken was 
62°, — and it might have been lower, as the Felamides swim 
in deep water, — the temperature of this fish would ^pear to 
be about 12° above the medium in which it swims, and at 
least 7° above that of the surface. 

Thb result seems in accordance with the inference, that all 
fishes are not cold-blooded. In the work already referred to, 
reasoning from the smaller size of the respiratory nerves of 
of the Pelamys Sarda, compared with those of the Tunny, I 
oflered the conjecture that its temperature would be found 
less than that of the Tunny, and somewhat higher than that 
of fishes of other orders with still smaller respiratory nerves, 
a conjecture which the observations described may be adduced 
as confirming. 

In connection with their temperature, my attention was 
directed to the blood of these fishes. I have been able to ex- 
amine it only in three instances, and that partially, viz. the 
Sword-fish, the Pelamys Sarda, and the common Tunny. 
Considering the great difficulty there is in obtaining the snb- 
jects for experiment under favourable circumstances for exa- 
mination, imperfect as were my results, I am induced to offer 
them now. 

The Sword-fish appears to abound less in blood than the 
Felamides, and the Felamides less than the common Tunny ; 
and, accordingly, the muscles of the former two are of a much 
lighter colour than those of the latter. 

D,g,t,.,.d.i.COOC^IC 



Dr Dftvy on Animal Heat. 353 

The blood of the Tunny ia very rich in red particles : this 
is indicated not only by its appearance, bat also by ite specifio 
gravity, which I have fonnd as high as 1.070. The blood 
tried was taken from a fish, caught in the sea of Marmora, 
that weighed between two and three hmidred pounds. 

The blood of the Pelamidea appears to be less rich in red 
particles than that of the Tunny, but more than that of the 
Sword-fish : I have not ascertained its specific gravity. The 
specific gravity of the blood of the Sword-fish I have found to 
be 1.051 ; the fish Irom which the blood was taken was caught 
in the Bosphoms, in the month of December, and was of large 
size. 

Under the microscope the appearance of the red particles 
of the blood of these three fishes is very similar. They are 
commonly thin oval discs (very soft), containing oval nuclei : 
a few circular discs are intermixed with them. The medium 
dimensions of those of the Pelamides were about j^th of an 
inch by ^h. ; of tie Sword-fish, about j^th by ^^ ; and of 
the Tunny, about sj^itb by g^th. 

That the red particles constitute that portion of the blood 
which is chiefly concerned in the production of animal heat, 
is now generally admitted. What a contrast appears, in com- 
paring the blood of the fishes under consideration, with that 
of some of the colder, especially of the cartilaginous kind, in 
which it is very small in quantity, accompanied by a propor- 
tionally diminutive heart, and poor in red particles ! The blood 
of the Squalus Acanthiaa I have found to exceed in density 
only a little its serum, one being of the specific gravity 1.030, 
the other of the specific gravity 1.027. 

Whether the peculiar constitution of the red particles ope- 
rates in any way in promoting their union with oxygen, seems 
- to be deserving of consideration. It may be thrown out as a 
conjecture, that the circumstance of their possessing nuclei 
may have an effect of the kind, supposing, which is possible, 
the blood corpuscle and nucleus, or containing and contained 
part, to be in the electrical relation to each other of positive 
and negative. If it be objected to this, that, as regards nuclei 
as well as size, tiiereis an analogy between the blood-corpuscle 
of fishes, birds, and reptiles, the temperature of which com- 
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mooly b so vei'y different, it may be aoswered, that in all these 
classes such a constitution of blood-corpuscle may he designed 
for the same end ; and that birds partly owe their high tempe- 
rature to it ; and that in reptiles and fishes, in most of which 
the proportion of red particles is small, were the constitution 
of blood- corpuscle different, it would be inadequate to perform 
the part required of it 

2. On the Temperature of Man in advanced (ye. 
Not aware of any obeerrations having been published on 
the temperature of man in. advanced old age, I have been in- 
duced to institute some trials, the results of which I shall 
now briefly describe. 

1. 91 years of age ; feeble on his legs, but in pretty good 
health; a native of Grasmere, in Westmorlaad, where he 
has always resided, in easy circumstances, cultivating his own 
land. In June, when the temperature of the air was 60°, a 
thermometer placed under the tongue rose to 99° -5 ; his hands 
were warm ; his pulse at the wrist 48, strong, intermitting. 
The observation was made at 2 f.u. ; he had dined at noon. 
On the 28th of the October following, his temperature was 
again tried, about the same time of day, when the open air 
was 42°, the air of his room 52° ; now, under the tongue, the 
thermometer was 98°.5 ; the pulse 56° ; hia state of health 
much the same as before. 

2. 88 years of age, also a native of Grasmere, where he 
has mostly resided, as a day Labourer ; is pretty iirm on his 
feet> but troubled vrith chronic cough and difficulty of breath- 
ing. In June, when the temperature of the air was 60°, a 
thermometor placed under the tongue rose to 99°.5 ; his pulse 
was 56, and rather feeble ; he had dined three hours pre- 
viously. On the 28th of October, an hour after dinner, when 
bis pulse was 70, the thermometer under the tongue was 98° ; 
the air of the room 55°. In February, about three hours af^er 
dinner, when his pulse was 44 and feeble, the temperature 
under the tongue was 96°. This was on the 27th ; the air 
then of his room was 44° ; the open air about 32°, after a 
heavy fall of snow, and a sharp frost of several days* dura- 
tion. The old man was feebler than in the eunm^ nitd . 
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autumn ; and though he did not complain of cold, hia hand 
felt cofd. 

3. The wife of the preceding, the mother of several chil- 
dren, 76 yeara of age ; hale for her years, but blind from 
cataract, complicated with amaurosis. Her temperature, 
tried at the same time as her husband's, in June, was found 
under the tongue to be 98°.5, her pulse 78, and pretty strong. 
Tried again in October, it was found to be 98°, with a pulse 
of 70 ; and again in February, on the 27th, it was found to 
be 99°, her pulse being 80. 

4. 87 years of age ; a native of Ambledde, where she has 
commonly resided ; feeble, hut, excepting chronic cough, in 
tolerable health. On the 26th of October, at 3 p.m., the tem- 
perature under tlie tongue was found to be 98°.5 ; her pulse 
84, and pretty strong ; the air of the room then was 57°, the 
open Mr about 42°. 

6. On the same day, and in the same village, tried the 
temperature of another old inhabitant, 92 years of ^;e. The 
thermometer under her tongue stood about 98" ; it could not 
be determined with perfect exactness, on accoimt of the tre- 
mulous motion of her head, which also affected the limbs, 
preventing the counting of her pulse ; her general health was 
pretty good. 

6. An inhabitant of Ambleside, by trade a hatter, 89 years 
of age, hale, able to walk to church. On the 27th of Octo- 
ber, when the tur of his room was 56°, the outer air 42°, his 
pulse 64, strong and regular, the thermometer under bis 
tongue stood at 98°. Observed again on the 27th of Febru- 
ary, at 1 P.U., juBt after dinner, when the outer air was 32^, 
the air of his room 54°, the temperature under his tongue was 
found to be 99°.5 ; his pulse 70- 

7. The temperature of his wife, two years younger, taken 
on the 27th of October, was 98°.d ; her pulse was 88, irregu- 
lar ; she was very infirm, and suffering from asthma. 

8. A native of Scotland, 95 years of age, now residing in 
Amble»de, where he has been many years, always in good 
health, still tolerably strong and active. On the 28tli of 
October, found the temperature tinder his tongue 98°.6 ; his 

. polge 56, itttermitting ; the air of his room 57°. The old 
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people in all the preceding instances, at the time the obser- 
vations were made, were Bitting by their fire^e, sb is their 
ofiBge in the cool climate of Westmorland, the greater part 
of Uie year, and all of them, with one exception, seemed to 
be comfortably warm ; the poorest of them were not in want. 

Old age is commonly represented as cold, and the tempe- 
rature of the body is commonly supposed to diminish with 
advancing age. The resolts of the preceding observatioas 
generally are not in accordance with this opini<Hi ; they seem, 
on the contrary, to shew, that the temperature of tdd people, 
at least as regards the deep-seated parts, of which the tongue 
at its base may be considered as some indicati«i, is rather 
above than below the average temperature of middle age, 
taking that to be about 98° of Fahr. Nor, pediaps, is this 
surprising, when we reflect, that most of the food consumed 
by old persons — and their appetite generally is good— 4s pro- 
bably chiefly employed in administering to the function of 
respiration, being very partially expended in meeting ^e 
waste of the body. 

Probably in very advanced old age, as in very eariy in&ncy» 
the power of reauttmce to cold is feeble, and the tempeiatiite 
of Ihfl body is easily reduced on exposure. An observation 
which I made, many years ago, in Ceylon, would seem to be 
confirmatory of this. At seven o'clock in the nLoming, when 
the air was 72°, I tried the temperature of an old man, almost 
a century old. and of a boy about twelve years old, both cool, 
being thinly clad, and out of doots ; the temperature of the 
old man under the tongue was 95° ; in the axilla, 93° ; that of 
the boy mider the former, 98° ; and in the latter 96°.6. The 
observation, too, on the old man in Grasmere, made in Fe- 
bruary, in cold weather, is also favourable to this ooncluslon ; 
whilst those made at the same time, on the other two old per- 
sons in stronger health, seem to shew, that, provided th«« is 
a vigorous action of the heart, and free circulatJoa of the 
blood, the temperature of the body is easily maintained. 

3. On the Effect of Air of different Temperatures on Jnimal 

Heat. 

As ^m obaBrvattouB made on man on entering the tropics, 
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and within the tropics on descending from a cool moimtunoua 
district to a hot low country, it would appear that hia tem- 
perature, as measured by a thermometer placed under the 
tongue, is liable to fluctuate, — rising one or two degrees in a 
warm atmosphere, and falling as much on entering a cool 
one,* — it seemed probable that like differences of effect might 
be produced by air kept at different degrees of temperature 
in buildings in this country. 

Iq the autumn oi last year, when going through the cotton 
manu&ctory of Deanstona, in the neighbourhood of Doune, in 
Stirlingshire, — an establishment admirably conducted, and in 
the highest order, — I availed myself of the opportunity to try 
the temperature of a few individuals in relation to this qjaba- 
tion. In the room called the " piecing-room," where a high 
temperature is always required on account of the kind of 
work, — a temperature kept up by means of warm air and 
■team,— when at 92°, I found the thermometer placed under 
the tongue of one man who had been at work there about six 
hours, rise to 100°.5 ; and of another, who had been there the 
auoe time, to 100° : the former was 52 years of age, healthy, 
his pidse 64 ; the otb«r 33 years of age, in pretty good health, 
but liable to acidity of stomach ; his pulse 78. 

In an adjoining room, where the temperature of the air was 
73°, the thermometer placed under the tongue of a young 
woman rose to 99° ; and in a large room, where 300 persons 
were employed in weaving, and where the temperature of 
the air was 60°, the thermometer placed under the tongue of 
another healthy young woman rose only to 97°-5. 

Few as are these observations, they seem to warrant the 
conclusion that a high temperature of even a few hours in the 
heated air of a room is capable of nusing the temperature of 
the body above its usual standard, in accordance with what 
had been anticipated from the effect of different degrees of 
atmospheric temperature. 

In further confirmation of the same, I may briefly state the 
results of mulUplied observations made on the temperature of 
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the same indiTidual. The subject of them was of middle age, 
in good health, under whose tongue the thermometer comr 
monly was stationary at 98°, when neither suffering from 
heat nor cold. The place where they were made waa Con- 
stantinople, — the climate of which capital, it may be observ- 
ed, is exceedingly variable, — often cold in winter and the 
early spring, and commonly very hot in summer, — liable to 
great vicissitudes from its situation on the confines of two 
seas, in fegard to warmth very different in character daring 
a great part of the year. The observations were begun early 
in March, and were continued at intervals till the latter end 
of July. During this time the thermometer in the open air 
ranged from 31° to 94°. and the temperature observed under 
the tongue from 97° to 99°.5. It may not be amiss to men- 
tion some particular instances. 

On the 5th of March, after having been exposed several 
hours in an open boat on the Bosphoms, with a strong wind 
at 43°, the thermometer placed under the tongue stood at 97°. 

On the the 11th of the same month, when the ground was 
covered deeply with snow, and the thermometer in the open 
air at 7 k.h. was 31°, and in a bed-room 46°, the temperature 
under the tongue was found to be 97°.6. 

On the 3d of April, when the thermometer in the room, 
with the window open, was €6°, under the tongue it waa 
98°.5. 

On the 17th of July, when the thermometer was 87°, under 
the tongue it rose to 99°.d. On the 21st of the same month, 
when the air was 87°, the temperature under the tongue was 
99°.5 ; and on the 28tb, when the former was 94°, the latter 
was 99°. 

Curing the hot weather of Jnly, it may be deserving of re- 
mark, that the pulse was less affected than the respiraticm, 
which, habitually about sixteen in the minute, was now com- 
monly fourteen, and one day did not exceed twelve. 

It may also be mentioned that attention was paid to the 
temperature of the extremities, and also to that of the urine, 
. and that commonly it was found of highest temperature when 
the tongue and extremities were of lowest temperature : thus, 
on the 5th of March, when the thermometer under th^ tongue^ 
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was 97°, the feet and hands cold, in the nrine it rose to 101° ; 
and on the 28th of July, when under the fon&er it was dS'-S, 
in the latter it was the same. 

Do not' these observations, besides tending to confirm the 
preceding conclusion, for which they were brought forward, 
viz. that the temperature of the body rises and tails in a per- 
ceptible manner with the temperature of Uie air, lead also to 
the further conclusion, that the tendency of & high tempera- 
ture of atmosphere is to raise the temperature of the surface 
and of the ports adjoining the surface, in a somewhat higher 
ratio than the deep-seated oi^ns ; and of a low temperature 
of atmosphere to raise the temperatare of the deep-seated 
parts, whilst that of the surface is subjected to undue reduc-' 
tion from the cooling agencies to which it is exposed, directed, 
as it were, in both instances, for a beneficial result, on the 
principle of compensation ? 

4. On the Effect of ExereUe on the Temperature of the Body. 

This subject of inquiry, notwilhstanding its manifest im- 
portance, has been much neglected; indeed, I do not know 
of any work in which any precise information is to be obtain- 
ed respecting it. 

The observations which I have to offer are fewer than I 
could wish, and more limited ; they were made at Constanti- 
nople in 1841, at intervals between Febmary and August, 
and had for their object mainly to endeavour to determine 
the effect of moderate exercise in walking, on the temperature 
of the body. The individual on whom they were made was 
the same as was mentioned in the last section. The particu- 
lar observations are the following : 

• February 19tfi, at li p.m., air of room, 60° ; before walking, 
feet cold, temperature between the toes 66° ; under the tongue 
98° ; urine 100°. At 5j p.m., opeu air 40° ; just returned from 
a walk, gently warmed by the exercise ; feet and hands warm ; 
the former 96° .5, the latter 97° ; under the tongue 98° ; urine 
101°. 

March 2d, at 4j p.m., open air 60° ; air of room 66°; feet 
aiid hands moderately warm ; the former 76°, the latter SI"; 
tOider the tongue 98°; urine 100°. Af 6^ p.u., after having 
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walked pretty quickly an hour, a gentle perspiration prodnoed, 
the hands Mid feet hot, found the latter 99°, the former 98° ; 
tinder the tongue 98° ; Hie urine lOl^.S. 

March 20th, at 5}- f.u,, open air 42°; returned warm, after 
a walk of three hours: the hands, which had worn warm 
gloves, were 99° ; feet 97° ; under the tongue 98° ; the urine 
101°.5. 

April 7th, after a w^ of three hours in the open tur, be- 
tween 60° and 70°, retamed at 5 p.u., gently perspiring : the 
hands were 94°; the feet 96°.5 ; under the tongue 98°.5 ; the 
urine 100°.5. 

May 27th, at 6^ p.m., after a walk of an hour and half, the 
air 68°, retamed slightly perspiring ; the hands were 96° ; the 
feet hot ; under the tongue 99°.6 ; the urine 101°.5. 

May 28th, air 65° ; under the tongue before taking exercise 
98°.6 : after a walk of four hours and a half, gently perspir- 
ing, under the tongue 98° ; hands 93° ; feet 97''-5 ; urine 
100°.5 

September 13th, at 4 p.m,, the open air on the shore of the 
Bosphorus 76° ; ascended in about twenty minutes, without 
stopping, the steep side of the hill, called the Giant's Moun- 
tain ; on reaching its summit, when profusely perspiring, the 
pulse was 102°, usually ahout 52° ; the hands 98° ; under the 
tongue 98°. The pulse of another individual in company, of 
about the same age, also profusely perspiring, was 138° ; ther- 
mometer under his tongue 98° ; and in the hand the same- 
After descent, the pulse of the former was 94°; thermometer 
under his tongue and in the hand 98° .5 ; the piilae of the lat- 
ter was 112° ; the thermometer under his tongue 98° .5 ; both 
only gently perspiring. 

What is the inference from these observations 1 Do they 
not seem to indicate that whilst moderate exercise promotes 
the diffusion of temperature and its exaltation in the extre- 
mities, it augments very little, if at all, the heat of the deep- 
seated parts } And considering the blood as the heating me- 
dium, warmed itself chiefly by respiration, \a not Uiis what 
might be expected, reasoning on the subject 1 By active 
exercise, the pulse and the respiration are both accelerated ; 
more oxygen, it may be preeamed, is consumed, more beat is 



D,g,t,.,.d.i.COOC^IC 



Professor Foumet's Retearehet on Zones without Rain. S61 

generated ; the blood ia made to circulate mere rapidly, and 
is sent in larger qoantity into the extremities, and where, in 
consequence, the excess of heat is conveyed end expended, 
and its accumnlation in the central and deep-seated organs 
prevented, affording another striking example of harmonious 
adaptation. 

The same thermometer was empb)yed in making all the ob- 
serrations described in the paper ; and in every instance, in 
stating the resalts, aUowance has been made for error in its 
gradnation, carefully determined by comparison with a stand' 
ard instrament, one belonging to Professor Forbes of Edla- 
bnrgh, and for the use of which I have been indebted to his 
kindness. 



Researches on the Situation of Zones nrilkout Rain, and of De- 
serts. By M. J. FouKNET, Professor in the Faculty of 
Sciences of Lyons. 

In the present state of science, meteorolog^s distinguish 
vmous zones, more or less exactly parallel to the equator, and 
subject to as many distinct laws, with reference to the mode 
of distribution of rain according to the seasons- We proceed 
to make these known, premising, once for all, that in this pre- 
liminary statement, as well as in the whole of the memoir, we 
shall invariably retain for the seasons of both hemispheres the 
name which they receive in ours. Thus, for example, the 
summer will be regarded as composed of the months of June, 
July, and August, and the winter of the njonths of December, 
January, and February, whatever part of the globe may.be 
under consideration. This definition was neceesaryj both be- 
cause the epochs of dryness of the southern hemisphere ate 
Xhb humid epochs of the northern hemisphere, er conversely ; 
and because the expressions intended to define the seasobs 
become complicated by other local deaominationfi, which, not 
being very precise, contribute to varitfus ambiguities that are 
but too frequent in the narrftttves ^ travellers. 
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The first of the zones in qaestioB, that of ttoo annual raiitM, 
having a great tendency to pass into continual raint, is placed 
Dearly at the equator, with the exception of BomQ deviations, 
which it is unnecessary to specify at present. There then 
come the bands of hemi-annual rains, comprised between tJie 
eqiiinoctial line and the tropics. In these it rains during the 
six months following the period of the sun's passing the zenith ; 
that is to say, there are summer rains in the northern hemi- 
sphere, and winter rains in the southern hemisphere. These 
semestrial rains degenerate into trimettrial rains near the 
tropics. This intertropical arrangement is perfectly regulated, 
so that it may be said, in a general manner, that to absolute 
dryness, lasting some months, succeed almost daily rains during 
the other season. In this manner are constituted the seasons 
o^ suns and of clouds of the Indian of the Orinocco ; and it is 
only the presence of high chains of mountains, or the vicinity 
of coasts, which produces disturbances in the phenomena of 
this description. 

Without the tropics, Von Bach was the first to point out 
the existence of zones termed sub-tropical, in which the rains 
become the reverse of what they were in the bands already 
mentioned ; that is to say, they are hyemal in our hemisphere, 
and estival in the southern hemisphere ; in other words, they 
occur in each of these situations when the son is in the oppo- 
site hemisphere, and as examples of this, we may cite Algeria 
and the Cape of Good Hope. The arrangement here no longer 
possesses the extreme regularity which characterises that in 
the tropics ; for sudden falls of rain and storms interrupt from 
time to time the uniformity of the dryness of other periods of 
the year, just as the rains are subject to frequent interruptions. 

Further to the north, in our hemisphere, matters become 
stilt more complicated by the intercalation of irregular and 
more frequent rains ; but taking the sams of several years, we 
find that the months characterised by the largest quantities 
of pluvial water are those of spring and of autumn; sn(^ is 
the arrangement which prevails in the whole of tiie south of 
Europe, as &r as about the latitude of Paris. 

Laetiy, beyond this, and towards the North Pole, tiiese raina 
of spring and of autumn unite BO as to produce a maximum in 
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the twnmer leaton, the reverse naturallj taking place in the 
other hemisphere. 

The preceding resnltB can he rendered more palpable hy 
the assistance of curvea, in order to draw which, it is only ne- 
cessary to raise on an equatorial line equidistant perpendicu- 
lars representing the different months. Those which represent 
the mouths of spring, of summer, and of autnmn, fill the iu- 
termediate space, in such a manner that the summer occupies 
the middle. This first sketch will be completed by the dif- 
ferent latitudes ; and by co-ordinating the pluviometrical in- 
dications by means of these axes, we shall have for our hemi- 
sphere, first of all, on the equatorial line, the rectilineal 
band of nearly perpetual rains ; there will then come a curve, 
whose two branches, starting irom points at the equator, re- 
presented by the months of spring and of autumn, will con- 
verge towards the tropic in the months of summer, and all the 
interior of this arch being shaded, will express the semestrial 
rains degenerating into trimestrial rains towards the summit 
of the curve. Lastly, concentrically with the preceding, there 
will be a second curve, whose branches having their origin to 
the north of the tropic, at points represented by the winter 
months in the latitudes of Algeria, will afterwards pass by 
points represented by the months of spring and of autumn in 
the latitudes of the south of Rurope, and will become, in the 
parallels which are rainy during the summer months, a petv 
pendicular to the equator, prolonged from the latitude of Paris 
to the North Pole. 

This mode of expressing succinctly the results of observa- 
tion, of course does not take into consideration local disturb- 
ances, upon which I do not mean to insist at present, as they 
form the subject of a very extensive separate investigation, 
with which I have been occupied for several years. It pos- 
sesses, however, the advantage of exhibiting a very remark- 
able phenomenon — that, namely, of the abrupt transition 
which presents itself from the zones of the trimestrial rains 
of the tropics, to that of the trimestrial rtuns of the opposite 
seasons of the sub-tropical zone of Von Bucb. Now, a sudden 
leap, of this kind not being in harmony with the ordinary 
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laws of continaity of nsture, I have iiiTestigated the causes 
of the anomaly, and have found that observation makes it 
disappear, and shews us that the two preceding zones, far 
from being in immediate contact, are, on the contrary, dis- 
tinctly disjoined by bands of absolute dryness, at least in the 
portion of the globe coastitating the region of the trade-winds, 
with which we shall, in the first place, occupy oorselves ; we 
shall, afterwards, examine the phenomena coBnected with the 
regions subject to the monsoons. 

Africa presents a very manifest demonstration of this cir- 
cumstance. In the northern part of that continent, the band 
of absolute dryness is represented by the Sahara, which we 
may regard as prolonged, without inteimption, from the 
Atlantic to the Red Sea, and having a breadth which the 
tropic divides into two nearly ecioal parts. In this manner, 
by uniting under a collective name the Sahara properly so 
called, the two deserts of Nubia and those of Egypt, the den- 
ticulations of the band would reach to 15° of north latitnde, 
encompasfiing the ramifications of the central ch^uns of the 
continent ; while, on the opposite side, being bounded, for a 
part of its coarse, by the masses of the Atlas, it would, 
nevertheless, send off branches to the Mediterranean, as far 
as 13° of north latitude, by the lower parts of Egypt, and the 
salt plain of the Syrtis. Von Humboldt assigns to its sur- 
face, not including Darfour and Dongolah, an extent of 
194,000 square leagues — that is, more than double the extent 
of the Mediterranean, which is 77,300 square leagues ; bat 
it must not be supposed that all this immense breadth be- 
longs, properly speaking, to the Sahara-bela-md of the Arabs, 
nor that it is in a state of absolute drj^ess, although the hot- 
test climates are situated under tbe tropic of Cancer, and as 
far as four or five degrees to the north. The true physiog- 
nomy of the desert only presents itself progressively, by the 
diminution of the vegetation, which, in proportion as the rains 
become more rare, degenerates from the condition of forests 
to that of brushwood, and is afterwards replaced by steppes, 
and, finally, by tlie sands, pebbles, or naked rocks of tbe cen- 
tral portions nearest the tropic. 



D,g,t,.,.d.i.COOC^IC 



Siluatim of Zone* without Ba^ and of Deaertt. 365 

It ia thus that, in the western portion, at Timbuctoo (lat. 
17° 50* north), the rains, so abnodant near the equatorial 
Eone, are already rare, and the soil is poor ; at El Araonftn 
(lat. 20° north), the rains are still less frequent, and hardly 
any traces of verdure are visible ; soon afterwards, the desert 
is reached, with its boundless horizon, its fiery sky, its rocks, 
its sands, and the moveable parts of its surface in which the 
winds hollow out valleys, raising, at the same time, pillars of 
sand, whose fall is the only representation of showers. At 
the northern limit of this immense land of desolation, there 
appears, at first here and there, spaces covered with plants, 
near EI-Arib (lat. 28* north) ; these become more numerous 
under the influence of some hyemal rains which are still but 
little abundant in the steppes of Beled-el-Djerid (country of 
dates), where, nevertheless, the wadU (valleys with temporary 
torrents), and the vicinity of the Atlas, put an end to the 
aridity. Here there is no longer a desert properly so called, 
— for who would venture to give this name to a comitry 
where one single tribe, that of the ArMa, is 40,000 strong ! 
In the time of the splendour of the caliphs, this Beled-eU 
Djerid was of great importance, on account of its castles, its 
fortresses, its towns, its gardens, its forests of palms, its com- 
merce, and its activity. At the present day, Ain-Modhy has 
been able to resist the power and perseverance of Abd-el-Ka- 
der. All this necessarily presupposes a nmnerous population, 
consequently also a favourable climate ; and hence it results 
that the extension of our conquests in the south of Algeria is 
constantly revealing to us productive districts ; for, up to 
the present time, we have scarcely passed 35° N., which is 
still very far removed from the region deserving the name of 
desert. 

The coast of the Atlantic is not entirely free from the 
nullity of rains of the middle system which we are defining; for 
round Cape Barbas, from 22° to 21° N., two consecutive years 
sometimes pass without the smallest trace of rain ; and the 
same is the case in the Cape de Yerd islands, which are some- 
times deprived of rain for a period of even seven or eight 
years. 

To the east, between the Nile and the Red Sea, there ex- 
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tends the chain of the Mobattam, vhich may be conaidered 
as the line of the disjanction of Asiatic moDSOODs and the 
trade-winds ; upon it, in consequence of its summits, and of 
the phenomenon of the monsoonsi there are as violent and 
frequent winter rains as in Palestine, for they cause the momi- 
tain torrents to swell to overfiowing ; hat this result is not to 
be regarded as contradicting the general law, ibr close to 
Q6ceyr (lat. 26° 7' N.) the sky is constantly serene, and no 
bouse possesses a cistern, althongh the nearest spring is dis- 
tant a day's march. On the opposite side from the Red Sea, 
Thebes (lat. 25° 43' N,) receives rain only during a small nam- 
ber of days in the year ; it then ceases in Upper Egypt, bat 
recommences in Dongolsh in 20' N., where it becomes estival. 
There, also, the arid soil and the nalced ro<^ cease, as well as 
the cloudless sky of Upper Egypt and Lower Nubia; hot 
nevertheless, the pluvial intermission is still distinctly dis- 
played in Dongolah ; according to some, Gerry, in lat. 16° IS' 
N., and according to others, lat. 17° N., is to be regarded as 
tbe true limit of the regular intertropical rains of that portion 
of the continent. 

Various oases, or depressions of the surface (the oasis of 
Siwah is 100 feet below the level of the sea), are scattered 
here and there in the midst of the sand, and owe their 
fertility to springs. Among these there is one which should 
fix our attention in a particular manner, because it forms a 
sort of diaphragm, so to speak, dividing the Sahara into two 
equal parts, and serving as the great highway for the caravans 
from Fezzan to the centre of Africa. At the epochs of the year 
when the temperature is lowered, that is to say, from October 
to February, the caravans of the north, of the east, and of the 
west, meet at Moiirzouk ; they take fifty-seven days' march to 
reach Bimey (the capital of Bornou, to the west of Lake 
Tchad, in lat. 16° N.), following a chain of rocks more or less 
abrupt, that enclose a sort of long valley (Wady Kawas), in 
which there are numerous stations, and consequently likewise 
that watery subsoil, without which the journey would be im- 
possible. This line is only interrupted here end Uiere by 
saline tracts, and by the sandy desert of Timtoma ; and it is, 
therefore, not astonishing that it served as the fonnddtioQ of 
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commerce, and of tbe GarthageDian power iu Africa, and tliKt 
the English bare endeaTOured to secure its investigation by 
their alliance with the Pacha of Tripoli. On the side of Alge- 
ria, the route of Timbnctoo, by the oasis of Touat, is much less 
conTcnient ; the stations are still rarer on the routes from 
Tafilet to the same town. It results, moreover, from the in- 
formation obt^ed by Consul Jackson, that the oases there are 
liable to lose their springs, — a fact confirmed by the terrible 
example of 1805, when a caravan of two thousand persons 
and eighteen hundred camels perished entirely, from having 
trusted to these subterratieau waters. 

But this digression must not make us forget our principid 
object. The mountains of this median portion of the Sahara 
do not exercise a very sensible influence on the phenomenon 
of rain. Thus, in those which are to the west of Mourzouk, 
rains are bo irregular that nine years sometimes elapse without 
their occurrence ; the rough and rugged district of Haroudje 
alone exhibits valleys of bright verdure on account of the fre- 
quency of rain, but we must not forget that it is situated in 
27° N. According to some travellers, rain is unknown even 
at Mourzouk (lat. 25° 54' N.) ; and the small quantity of water 
vrhlch falls in the whole of Fezzan is bo subject to intermis- 
sion, that it cannot be depended on for the cultivation of the 
soil. Some garden products and com are obtained in Decem- 
ber and January only by the assistance of these springs ; and 
Captain Lyon only saw three springs which reached the sur- 
&ce, the othera being fonnd at the bottom of holes dug to a 
depth of from three to seven yards. The oasis of Fezzan thus 
presents nothing else but a plain, generally sandy, steril, and 
destitute of streams worthy of remark; and this physiognomy 
continues to Tegerry (lat. 24° 4' N.), where we have, at the 
same time, the southern limit of the date, and the northern 
of the Cucifera thebaica, and where, likewise, the rocky band 
already described commences. 

Let us now place the facts relative to the opposite hemi- 
sphere beside those regarding the Sahara. The sub-tropic^ 
portion of Southern Africa presents to us, between the high 
regions of the centre of this continent and the mountains of 
the Ci^e of Good Hope, another series of deserts placed in a 
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tiie coast of CimboBia, to the north of the Orange rirer, as 
far as 19° S., did not present to the En^ish expedition sent 
w 1824 any place susceptible of cultivation, or wfateh was not 
even too dreadful for ciiminals. The small traces of very 
spare verdure, the brackish taste- of the water of the streams, 
and the extreme scarcity of every other kind of water, indicate 
but too distinctly the absence of rain in that inhospitable re- 
gion. In the interior, between the countries of the Nama- 
qnas and Damaras, some mountains and water-courses, con- 
stituting oases, vary a little this solitude ; and then c<nnes is 
the central portion a terra incognita for positive meteorology, 
where, however,, the immense deserts of Tschallabenga and of 
Kalahari are indicated, ft^rming in some measure the northern 
prolongation of the ochrey argillaceous Karoo grounds, a sort 
of steppes, whose soil is indurated during the nine- months of 
dryness of their latitude. They are again istermpted in their 
approach to the oceanic coaet by the extension of the moun- 
tains of Cafiraria towards Monomotapa ; but on the eastern 
aide of these mountains, there are the low plains of InhunbaDa 
and of Sofala, and there it not only rains as little as in Lower 
Egypt, but the inhabitants of the Rio del' Agoa have never 
even seen rain fall. 

, In this continent, therefore, the phenomena are identicai 
OB both sides of the equator, and the &rst causes are ctmse- 
quently the same ; let us, then, pause a moment, and cast 
a glance over the general configuration. It ctmilMnes a very 
simple internal structure, .with an outline devoid of articn- 
lations, and of notable denticulations ; for, according to the 
observations of Russegger, the whole surface aifeets a very gra- 
dual ascending slope, from the north to the phdns of Kordofiui, 
which, although separated by an interval of 18° of lat. from 
the nearest shores of the Mediterranean, have only an eleva- 
tion of about 1200 feet around El-Obheld (\sX. 13° 12' N). 
This inclinati<»i becfwaes greater between 16° and 13° N.,bat 
without forming either terraces or other escarpments ; and 
the plane of slope continuing in the same direction as &r as 
10° N., where it attains an elevation of from 1600 to 2100 
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feet, presents a vast plain, interspersed with mountain crests, 
elongated in various directions, unconnected with one ano- 
ther, and resembling large islands disseminated over the sur- 
face of the ocean. But to the south of Darfour and of K6r- 
dofan, in the country of the Oallas, the Dingas-Schillucks, 
and the Fungis, these asperities cease ; and, as far as the eye 
can reach, nothing is to be discovered but a few rounded 
elevations, disseminated in the midst of the uniformity of 
the immense savanaahs, which commence about 16° N. with 
tiie region of the periodical rains of the tropic. From 9° N., 
our information regarding central and southern Africa only 
permits OS to suppose, that, in that part, the plateau continues 
to rise for a long distance, till it reaches an altitude of 
nearly 6200 feet, and that it afterwards descends rapidly, 
on the side of the Cape ; so that, hitherto, no continuous 
chain, comparable to the chains of America, of Asia, or even 
of the Alps, has been found on the longitudinal axis of this 
inclined plane. 

At the two opposite extremities of this continent, we have, 
on the one side, the Mediterranean mass of the Atlas, rising 
to the height of perpetual snow in Morocco, and sinking gra- 
dually to the east towards the plateau of Barka ; and, on the 
other side, the mountains of the Cape of Grood Hope and the 
SnowbergSjto the north of Camdebo, as high, perhaps, but, at 
all events, cold, and placed in 30° S., just as the preceding, 
which occur in 30° N. 

From these terminal masses emanate, in some measure, the 
chains and the terraces of the east and west of the continent. 
■The first (the eastern) extend irom Caffraria, by Monomo- 
tapa, Mozambique, and Zanguebar, into the country of the 
Gallas, above which the elevations of Abyssinia rise to a 
■ height of from 10,000 to 14,500 feet ; and they afterwards ter- 
minate towards the Mediterranean in the interrupted chains 
of Mokattam. 

The band of western eminences forms, in the same manner, 
as regards Abyssinia, the mountains of Upper and Lower 
Guinea, the great mass at the sources of the Niger, the Gam- 
bia, and the Senegal, as Well as the prolongation of these 
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branches on the borders of the Sahara. According to Mol- 
lien, the altitude of some of these snininits is such as to reach 
the limit of perpetual snow. 

There results, then, from the position of the plane of gene- 
ml slope of this continent, combmed with that of the fractures 
and mgouties of the coasts, a sort of immense central valley, 
which, commencing near the southern point of Africa, c^ns 
to the north upon the broad low plain of die Sahara ; bat 
the altitudes scarcely appear to be euch as to perform any 
other part but that of an epanouutement in the regulation of 
the rains ; the form of the plateau may accord with the phy- 
siognomy of the desert : the two intumescences of the east 
and of the west might alone occasion greater disturbances ; 
but their opposite position, on very Qeighbouring parallels of 
the equator, is such, that, by fovouring the atmospheric afflu- 
ence of the two heteronymous poles, they only contribute to 
the establishment of the trade-winds, and consequently to the 
symmetry of the zones without nun and of the deserts. 

The structure of the New World differs materially from 
the preceding ; the essential forms no longer correspond, either 
in a parallel manner or symmetrically, with reference to the 
equator : the arrangement of the principal masses is even at 
right angles; the meteorological phenomena likewise are no 
longer everywhere identical. 

In foct, for the east and west protuberances of Africa, 
situated in the neighbourhood of the equator, there is sub^ 
sUtuted the vast depression of the basins of the Amazon 
and Orioocco, to which the entrance of east winds is pre- 
vented, for a certtun distance, by two mounttun masses : the 
one, the Cordillera of Parima or of the Guianas, is comprised 
between the Orinocco, the Amazon, and the mouth of the 
Meta, and is composed of a mass of moantains, among which 
the Sierra of Duida attdns nearly the height of the St 
Gothard ; the other &rms the Sierras of Amanbahy, of Mar, 
of Montequerra, of Vertentes, of fipinhaco, &c., which cover 
a portion of Uruguay, of Entre-Rios, of Corrientes, of Para- 
guay, and of Brazil, and comprehends, from the mouth of the 
Plata to Cape San-Roque, an extent of 30°lat. This vast 
plateau, having a mean height of about 2600 feet, on which 
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are elevated chains presenting bold and sharp forms, whose 
summits hare an altitude of about 6300 feet, offers, as the 
most cbanicteristic feature, the mountainous band which ex- 
tends from Rio Janeiro to near Pemambuco. This band rises 
on the Atlantic coast to a mean height of 3250 feet, and 
includes the lofty summits of Itaeolumi, Itambe, and the 
Morro ; so that if it constitutes between 23° and 10° S,, a 
barrier analogous to that of the Guianas, it also differs from 
it in another respect, in that while it does not approach 
the equator nearer than 10° S., the other terminates at the 
equator. 

It results, therefore, from the opposite position of these two 
littoral chmns, that the mean axis of the largest of the basins 
of South America, that alone which traverses almost entirely 
the continent in a durection parallel to the equator, is, as it 
were, refoule at 5° of south latitude, and that the breadth of 
its entrance on the Atlantic side is comprised between 0° and 
10° south. 

These masses of mountains become lower towards the inte- 
rior, and lose themselves, the one in the Llanos of the Omocco, 
and the other towards the Campos Farieceys, as well as in the 
vast plains of Moxos and Chiquitos, where it constitutes, in 
16° and 18° south, a simple threshold, so to speak, upon which 
we may unite artificially the Paraguay to the Amazon by 
means of the Madera ; just as on the other side in 2° and 3° 
N., tiie communication with the Orinocco is effected by nature 
by means of the Rio Negro, and the Cassiquiare. We have, 
therefore, a great system of depression, varying, according to 
Von Humboldt, from 200 to 1100 feet in height, extending 
from the Cordillera of the coa^t of the Venezuela to the 
Straits of Magellan, and forming an area of 456,900 square 
leagues. It comprehends the Savannahs, the Llanos, the Pam- 
pas, and the Steppes of the Orinocco, the Amazon, the Plata, 
and of Patagonia, which preserve, for distances of from twenty 
to thirty days' journey, an imposing and melancholy unifor- 
mity ; palms grow at their one extremity, while the ground is 
frozen at the other ; lastly, from time to time, this monotony is 
tnxiken by lagoons, by sands, and by the mass of vh'gin forests, in 
the midst of which are discovered immense lov islands of naked 
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rock, rising only a few centimetres above tlie rest of the plain. 
We may next remark, that, for the deep Gulf of Mexico, 
placed between 10° and 30° N., we find substituted, in the op- 
posite hemisphere, the broad enlargement and the mountains 
of Brazil ; that the emaciation of form towards the South 
Pole is the substitute for the great transversal extent in North 
America; and, lastly, we may notice, as another character of 
want of symmetry, the arrangement of the royal Cordillera of 
snows. It approaches so near to the Pacific Ocean, that the 
spELce on the western side is scarcely worthy of the name of 
plains. For its fantastic configuration in South America, there 
is substituted a uniform plateau in Mexico ; the chief routes 
there attain altitudes greater than the height of Mont Blanc ; 
populous towns there exist at the level of the Col du G^nt 
and of Mont St Bernard ; and, lastly, the principal summits 
rise above the whole to a height of from 3000 to 6500 feet ) 
so WiAt, a priori, these immense heights, with their' elongatioQ 
team north to south, would seem to have caused to turn, at a. 
right angle, the meteorological system, which, in Africa, cor- 
responds with the direction of the equator. It thus becomes 
a matter of high interest to examine the disturbances which 
BQch a discordance can produce in the regularity of the great 
atmospheric phenomena, and to Ascertain in what degree the 
effects of pure &nd simple solar action are modified by oro^ 
graphical circamstances. If we still find some trace of sym- 
metry in the position of the deserts, the influence of a very 
energetic cause must be recognised in this trace, since it must 
have subsisted in the midst (rf so many causes of anomalies ; 
and it will thus furnish us with the best proof of the law 
whose existence we axe endeavounng to establish. 

In the latitude of the Sahara, on the coast of the great 
ocean, the low lands of Old California are destitute of rain ; 
the mountains which constitute the ridge of this peninsula 
alone receive a small quantity, and the vegetation is there as 
poor as the water is rare ; so that, in this respect, the resem- 
blance between that portion of America and the correspond- 
ing region of Africa could not be more complete. Neverthe- 
less, some special phenomena seem to characterise these lati- 
tudes ; for the atmosphere, almost constantly plear, is always 
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of a deep blue coloor ; but if some clouds occur at the Betting 
of Uie sun, they are ornamented Trith the most beautifal tints 
of green, purple, and Tiolet, so that the scene then possesses 
an extraordinary beauty. If to this we add, that nun, during 
a serene sky, is pretty frequent in the Gulf of California, we 
shall perceive that there ia a series of effects derived Irom a 
particular state of the aqueous vapour dissolved in the air, 
whose more minute exfanioation is frell worthy of the atten- 
tion of navigators. 

To the east of Lower Calif<»-tuai and beyond the break in 
the costinnity of the land, produced by the Gulf of California, 
there rises th« vast undulated plateau of Mexico, which sinks 
rapidly on the opposite side in Cohahuila and Texas, to which 
succeed the low land of New Orleans and the Floridas, washed 
by the warm waters of tlie Mexican Gulf. These varieties 
of configuration must necessarily produce abrupt variations in 
the climate ; and these affect the transition of the bemi- 
annual rains of summer into those of winter ; so that a certua 
degree of attention is necessary to follow these different ar- 
rangements, and the following are the complications, whoso 
existence observation has enabled us to ascertun. 

According to tJie information communicated to me by M. 
Dnport Saint Chur, the district of Cinaloa, situated epposito 
to Old California, posseaseB estival rains, which become rarer 
towards the north in Sonora, where they are very feeble, and 
very irregular. Beyond Guaimas, ia lat. 28° N., a week often 
passes without any tliiog falling but a trifling shower ; but this 
season is prolonged until December, when one or two tropical 
rains take place, which cause the rivers to overflow, and 
from that time these rains cease completely until June ; iu 
Sonora, between 27° and 32° N., the air is said to be generally 
healthy and salubrious, excepting on the coast ; farther to- 
wards the north, there are the fogs and irregular rains of 
Monterey, in New California. 

On the plateau of New Mexico, in the same latitude as 
Central Fer^a and Syria, there are very intense colds ; snow 
is sometimes seen to fall at Mexico in lat. 19" 25" at the height 
of 7400 feet ; nevertheless, this circumstance does not destroy 
the arrangement of the summer intertropical runs, althoi^h 
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this arrangemeat becomes complicated by the winter sub- 
tropical rains. Thus, at Guadalupe-y-Calvo (lat. 26° 5' N.), 
independently of the trimestrial estival rains of Jane, July, 
and AoguBt, which prevail at Mexico, there is a repetition from 
October till January, during which there are two or three &Us 
of very cold water, continued daring several daj's, and to 
which the inhabitants of the country give the name of e^vi- 
parte. We see, then, here, the reprodoctjon of the phenome- 
non of Sonora ; so that the hiatus of the Sahara is awanting 
in this region, and, in fact, meteorology has acqaired a know- 
ledge of various modes of transition from one climate to the 
other, of which it was ignorant until lately. But these rains 
do not entirely efiace the droughts ; for, according to Yon 
Humboldt, the latter are (rightful in a portion of this region, 
where, moreover, a specimen of a desert is found In the arid 
and dry plain of Muerto, the extent of which is about thirty 
leagues ; the dews wHch are so abundant in Sonora do not 
exist on those heights. At Chiahuahua, in 25" "S., the seasons 
are still less marked by irregular rains; and, the atmosphere 
is so destitute of aqueoos vapour, that, at night, during a 
bivouac, the mere touching one's coverings is sufficient to pro- 
duce electric sparks, and a Leyden jar can be charged in this 
manner. 

On the eastern side, Xalappa (lat. 20° N.), at the height of 
the lierrat templadas (temperate re^ons), is frequently en- 
veloped in fogs, and there are frequent rains there at all sea- 
sons ; but from Stander to Monterey, from 23° to 26°, and on 
tlie banks of the Kio-Bravo-del-Norte, as far as Texas, we 
immediately find, as in Algeria, the winter rains characterised 
by small falls of snow, and by the north wind. In this last 
country, where there are vast savannahs, they are accompanied 
bylingbtfal storms, while, in the first, there are some summer 
rains. From this there result transitions analogons to the pre- 
ceding ; but the warm waters of the gulf, as well as the coast 
of the Atlantic, increase the various causes of anomalies ; for, 
at New Orleans, in lat. 29° 27', rains fell during the whole 
year, although the most violent are in summer ; whereas, at 
Heywest, the most southern town of the United States in 25° 
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N., there are, aa in the south of France, rains of spring and 
of autumn intermixed with those of all seasons. 

To recapitulate, the band of droughts and of deserts ts only 
indicated in this portion of the northern hemisphere by the sta- 
tions of Lower California, leaving which, it is, first of aJl, ef- 
faced by the junction of the estival rains with the hiTernal 
rains, and is afterwards completely obliterated ou the coasts 
of the Gulf of Mexico ; but it suffices for shewing the regu- 
larity of the law, that it is distinctly indicated at some points, 
and we ought only to regard the disturbances as resulting from 
the influence of the configuration and the relief of the surface) 
the effect of which we also endeavour to appreciate. 

The eouthem portion of the New World exhibits other ex- 
amples of the same circumstances, 

{To be eonlirmtd,) 



^ghth Letter on Glaciers. Addressed toPnoTBSsoa Jaubsoit 
by pROrxssOR Fobbxs. 

Experiments on the Plaaticitg of Glacier Ice. 

Gbmbva, 30a Aa^mt 1841. 

Mt Dbab Six, — The theory of glaciers has now reached 
that point when it can only receive some material addition by 
the multiplication of accurate measurements ; and these mea- 
surements must be conducted in the manner which will best 
discriminate between rival hjfpotheses, and, if possible, yield 
direct instead of incUrect proofs of each fundamental fact 
assumed. In my former letters I have insisted sufficiently 
upon the importance of the results which a system of nice 
measurement has introduced into this branch of science, and 
their value to the theorist who afterwards wishes to put nu- 
merical for unknown quantities in his investigations; I also 
shewed that there is a continuity and approximate constancy 
in the motions of glaciers, which permits us to obtain, with 
certain precautions, in a few days, better results than any one 
had previously acquired during the lapse of months or years. 
I have now to announce to you that I have pushed these mea- 
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surements to a still greater degree of mumteness, and with 
resnlts which shew that the methods I have employed are 
trustworthy, and are able to afford the direct solution of qnes- 
tioDs which at first appeared to admit of only indirect or in- 
due tave proof. 

Of this class by Sax the most important appeared to be &e 
manner in which the glacier alters its form in such a way, 
and to sach a degree, as to suffer its central portion to de- 
scend towards the valley with double or treble the velocity of 
its lateral parts. Such, for instance, I have found to be the 
case in the middle region of the great glacier of Aletscfa, 
where its inclination is small (about 4°), and where the con- 
tinuity of the ice with the side wall is preserved without tlie 
interference of large fissures. I there found that, whilst the 
velocity of the ice at 1300 feet, or about a quarter of a mile, 
from the side, is 14 indies in 24 hours ; at 300 feet distant 
from the side it was but 3 inches in the same time ; and, close 
to the side, it had nearly, if not entirely vanished. Facts like 
this seem to shew, with evidence, what intelligent men, such as 
Bishop Rendu, had only supposed, |H«vionsly to the first exact 
measures in 1842, that the ice of glaciers, rigid as it appears, 
has in fact a certain " ductility" or " viscosity," which per- 
mits it to model itself to the ground over which it is forced 
by gravity,— -and that, retaining its compact and apparently 
solid texture, unless the inequalities be so abrupt as to force 
a separation of the mass into dislocated fragments, such as it 
is well known that every glacier presents, when the strain 
upon its parts reaches a certain amount, — as when it has to 
turn a s^arp angle, or to descend upon a rapid or convex 
slope. 

The tnutnal action of the parts of the glacier, the drag 
which the centre exerts upon the sides (and, by an exact 
parity of reasoning, the top upon the bottom), seemed to me 
so obvious, after measurement had proved their ranable velo- 
city, and observation had diewn that this was not necessarily 
accompanied by a general dislocation of the mass, — that I 
should scarcely have thought of attempting a direct proof of 
the yielding and ductile nature of ghtcier ice, had I not been 
favoured by Mr Hopkins with copies of his two ingeoiotu 
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pspers on tbe subject of glaciers, read to the Cambridgo 
Fbilosophical Society on the 1st May and 11th December 
1843, which were pat into my hands here less than a month 
ago, by his friend Mr Williamson. I there found it stated that 
there is " a necessity of proving, by independent experimental 
evidence, that glacier ice does possess this property of temi- 
flmdity or viacotili/, if we would attribute to that property the 
effectiveness of gravity in setting a glacier in modon."— 
First Memoir, p. 3, 

Since Mr Hopkins admits the fact of the swifter central 
motion of the glacier, he must have recourse to soma me- 
chanical explanation of the fact. This he does by assuming 
the exbtence of vertical fissures, parallel to the sides of 
the glacier, dividing it into a series of longitudinal stripes, 
whose adjacent surfaces, according to him, slide over 
one another, and, in the case of a glacier forcing its way- 
through a gorge, the lateral portions are altogether arrested, 
whilst the central parts slip down between them. 

These parallel stripes of ice are supposed by Mr Hop- 
kins to be of considerable breadth, and to have no sort of 
analogy with the ribboned structure, to which the readers of 
my earlier letters will recollect that I have ascribed a similar 
ori^, being lines of discontinuity arising from the crushing 
of one portion of the semi-rigid glacier past another. This 
Mr Hopkins regards as " do more possible than that a mass 
should permanently muntiun a portion of unstable equili- 
brium," The veined structure of glaciers he considers to be 
unexpired, and, va the present state of science, inexpli- 
cable. 

Although the general absence of such a system of longitu- 
dinal fissures as Mr Hopkins has figured in page 14 of his 
First Memoir, and the regularity and continuity of motion of 
the glacier and of its parts, wholly inconsistent with the jost* 
ling of huge masses of dislocated ice, might be considered as 
a sufficient answer to this modification of tbe theory of De 
Saussure, the consideration of this demand for a direct proof 
of the flexibility of glacier ice led me to think of its practica- 
bility ; and I shall now state what I have succeeded in doing, 
towards tbe solution of this practical question in ttw only way 
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in which it admits of being treated, namely, by the assiduous 
observation of the motion and change of ibrm of a small com- 
pact space of ice on a glacier. The Mer de Glace of Cba- 
mouni offers fewer fit points for such an experiment than 
many other glaciers, since in all its middle and lower portions 
the ice is excessively crevassed near the sides. There is one 
spot, however, between the " Angle " and Trelaporte, below 
the little glacier of Obarmoz, where the ice is extremely flat 
and compact for a space of about seventy yards in width, and 
several hundred yards in length, which is wholly devoid of 
open crevasses, and where I expected to find the variation of 
velocity from the side towards the centre very sensible, be- 
cause the veined structure is there more perfectly developed 
than in any other part of the glacier. In this anticipation I 
was not disappointed. The ice in question is separated from 
the western moraine of the glacier by a space deeply crevassed 
50 or 60 yards wide. The entire breadth of the glacier is 
here at least 800 yards. The central part has great transver- 
sal crevasses due to the rapid descent of the glacier where it 
sweeps round the promontory of Trelaporte immediately 
above. There is no trace of longitudinal fissures of any hind, 
except the true blue veined or ribboned structure, which, as 
already mentioned, is here exceedingly developed ; giving to 
the even part of the glacier already specified the appearance 
of exquisite veined chalcedony of an aqua-marine coloar ; and 
the vertical plates of ice thus subdivided are so distinct as to 
produce a true cleavage when the ice is broken by a hammer 
or cnt with an axe. When the glacier is wet, the blade of a 
knife may be introduced to a depth of some inches between 
the laminae, which are commonly not more than a quarter of 
an inch apart. 

I fixed in a line transverse to the axis of the glacier tax. 
stations. Over the first of these the theodolite was regularly 
centered, in order to observe the relative motions of the others 
which were respectively 30, 60, 90, 120, and 180 feet distant 
Finding that, even in the course of a single day, the accelera- 
tion of the more central parts was evident, and the six points 
in question formed a portion of a continuous curve, I subdi- 
vided the first 90 feet from the theodolite into 45 spaces of 2 
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feet, each of which was marked by a perforation in the ice 
into which ehort pins conld be accurately fitted, and the de- 
formation of this straight line of 90 feet in length was care- 
fully observed at short inteirals. The en-ors of the original 
places of the marks were determined by a simple but nice 
process, and their daily progress was similarly noted. I have 
now before me the registers and also the graphical projections 
of the actual places of this portion of the curve of flexiire of 
the ice, cleared of the errors arising from the movement of the 
theodolite, which was itself placed upon the ice, which error was 
independently determined. Yoa will probably be surprised 
when I state, that in seventeen days, the part of the glacier 
90 feet nearer the centre than the theodolite, had moved pa»t 
the theodolite by a space of 26 inches, and the intermediate 
spaces in proportion. When I was reluctantly compelled to 
cease my observations on the 45 marks, they had, in the 
coarse of six days, formed a beautiful curve slightly convex 
towards the valley ; and as the vertical wire of the theodolite 
ranged over them, their deviations from a perfect curve were 
slight and irregular, nor was there any great dislocation to be 
observed in their whole extent ; proving the general conti- 
nuity of the yielding by which each was pushed in advance of 
its neighbour. During these six days the 45tb mark bad 
shifted 10 inches; and besides this obliquity of the line of 
pins (=31' 46"), they had a convexity whose versed sine was 
about an inch. All this, viewed in prospective with the theo- 
dolite, left no remaining doubt as to the plasticity of the gla- 
cier on the great scale. 

Lest, however, the convexity should have been too small, in 
so short a time, to admit of measnremetit, I had provided 
another test, in order to shew that the progressive advance- 
ment of the line of marks was due to the actual deformation 
of the ice, and not to the mass of the glacier in this part re- 
volving round some fixed or moveable centre. For this pur- 
pose, I fixed a mark in the glacier, 20 feet from the theo- 
dolite, and in a direction perpendicular to the before men- 
tioned line of marks. It was, therefore, seen from the theo- 
dolite in the direction of the length of the glacier, and, con- 
sequently, was not liable to displacement by its motion- I 
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measured, &om time to time, tlie angle between ih\» maik 
and the several marks transverse to the glacier, and I fomd 
that this angle became co&tinoally, and vithoat any excep- 
tion, more and more obtnse. Dttfing seventeen days, it re- 
volved through an angle of about a degree and a half. 

I reserve to another opportunity ttie pnblication of the 
details of the measurements and the graphical projections, 
which offer, when minutely examined, some interesting pecu- 
liarities too long to specify. The main conclusion is, that 
even the most compact parts of the ice yield to pressure, and 
that where no fissures eust, there is a sliding of the parts of 
the ice over one another, or else a plasticity of tiie whole 
mass. With the abundance of blae bands before us in the 
direction in which the differential motion must take place (in 
this case sensibly parallel to the sides of the glacier), it is 
impos^ble to doubt that these infiltrated crevices (for such 
tbey undoubtedly are) have this origin, and are the main 
mechanism of the forward motion ; but it occurred to me, on 
one occasion (the 23d August), to obtain all bat ocular evi- 
dence of the fact Standing at the theodolite with an assist- 
ant, we beard a dull noise in the ice vrithin a very few feet of 
us, attended (I think) with a slight tremor, and followed by a 
rushing and hissing sound. As we vrere very near the great 
crevasses of the morune, it was, no doubt, a subsidence of a 
portion of the glacier, and the rushing was occa^oned by the 
more rapid Sow of the superficial streamlets in the direction 
of increased inclination of the ice. I instantly searched inalt 
directions, but in vain, for the slightest evidence of the frao 
tnre of the ice. All that I could see was, that where the 
veined structure was best developed, innumerable fur bubbles 
escaped through the superficial water, which was slowly im- 
bibed in those parts where the strain bad expanded the ice, 
and thus enlarged the capillary fissures between the blue 
bands. 

Mr Hopkins has done me the honour, in the memoirs be- 
fore alluded to, to mention with approbation my observations 
and experiments on the sabject of glaciers. He has been 
more sparing either in praise or criticism of the theory which 
I have founded upon them. Had Mr Hopkins applied hira- 
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ielf with equal care to that as to other parts of tny writing, 
he would have obserred coincidences in oar views which he 
appears not to have noticed; and he would probably have 
hesitated before laying down so broadly as he has done, an 
objection to the Viscous Theory, very easily refuted, and 
Bome peculiar views which he considers distinctive of his 
manner of considering the subject, from De Saussure's and 
my own. I shall probably, od another occasion, endeavour 
to shew Uiat, by foUowing out his own principles, the results 
must inevitably mei^ in mine, when what is inadmissible 
shall have been subtraoted. — I remain, my dear Sir, yours 
very truly, 

Jahes D. Forbes. 

P.iS'.-'-The influence of the Dimension, Slope, and absolute 
Elevation (or surrounding temperature) of glaciers upon their 
motion, is a matter of observation in detail which offers no 
pecnliar difficulty, and which deserves to be extended. Hav- 
ii^ measured the rate of motion of perhaps the largest glacier 
in Switzerland (the Aletsch), I have also measured one of the 
smallest, a glacier of the second order, near the Hospice of 
the Simplon, almost 8000 feet above the sea, and not many 
boodred feet in length. The velocity was little more than 
an inch in twenty-four hours, a result corresponding with the 
extreme dryness of the neve at that elevation, indicated by 
the very trifling issue of water from beneath, and to the in- 
significant vertical pressure of so small a mass, notwithstand- 
ing its considerable slope. A dmilw result, it must be 
owned, might be e:q>ected in this case upon almost any 
theory. 



Extract from a Letter from Rev. George B. Warreri, to Dr 
Davy, relative to a Sooty Depotit on the Surface of the Sea, 
off the Coast of Devon. 

Your paper in Jameson's Edinburgh PhilosophicalJoumal on 
the carbonaceous deposit on the lakes of Westmoreland, recalls 
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to my recolleotion a Bimilar plientsiieitoa which I have noticed 
on the sea (M the coaat of Devon. During a Te»deDce of five 
y«ar8 at Sidmouth, I generally remarked, that after a calm aS 
two or three days, the sorfoce was covered with a deposit 
which had the appearance of very fine powder intermixed wi^ 
soot. I at first thought it must have been occarioDcd by the 
dust and emoke from the town, but finding it equally difiosed 
over a space of eight or ten miles, and at some dJatanoe front 
- the shore (Indeed there was every reason to fliq>po8e that it 
extended many miles in every direction), I was obliged to look 
to some other quarter for the cause of so singnlar an appear- 
ance. The absence of all large towns or manufactories in this 
part of England, induced me to suppose that the matter which 
80 extensively covered the water, must have beai conveyed by 
^Sos winds from the smoke of London, and this opinion was 
strengthened by the ffict, that on e 7ery occa^uon when I had 
noticed the phenomenon in question, the wind had for stmu 
days been blowing from the east. About three years since, I ob- 
served a magnifioent water-spout cross from Torbay to the im- 
mediate neighbourhood of Sidmouth, and being very near the 
c^t where it struck the land, I was enabled to observe that 
the column of fine spray raised by the vortex, reached fuDy the 
height of seven hundred feet, being at least an hundred feet 
above the top of the cliff. The colunm was travelling at the 
time a little north of east, and oa the newspapers annonnoed 
the fall of some sm^ fish in a heavy shower of rain about 
half an hour afterwards in the streets of Salisbury, they were, no 
doubt, the small fry swept up with the surface water, and which 
were kept Bnq>ended in the air as long as the vortex laated. 
It cannot, therefore, be inconsistent with probability to suppose, 
that the smoke of London may be conveyed to the coast of 
Devon by the east wind, and deposited on the sea as soon as 
the quiet state of the ajr should allow it to subside. 

G. B. Waehen. 
7' HoNT LB Gband, Exeseb, 
Augwt 5. IQH. 
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On the Mammalia of the Counties of Aberdeen, Banff, and jEwteor- 
dtne. By William MAcGlLLIVRAY,A.M.,Profesaorof Natural 
History, in Marischal College and UniverBity, Aberdeen. (Com- 
municated by the Author.) 

The north-eaatern portion of the Middle Division of Scotland 
forms an extensive natural district, of which the indigenous animals 
may be preauoied to be not le&B worthy of ezamimition than thoae 
of other parts of Britain. It is formed of the three counties of 
Aberdeeo, Banff, and Kincardine, which, though presenting oon- 
siderable diversity of Burface, and differing from each other in 
variouE respectB, unite so naturally, that in traversing them, one 
finds no very abrupt traneitions either in a geological or a geogro- 
phical point of view. Bounded on the east by the Crerman Ocean, 
ftnd on the north by the commencement of the Moray Firth, it 
atretchea inland toward the central parts of the island, where moun- 
tain ranges of considerable elevation, on which are some of the high- 
est Bummits in Britain, constitute a highland tract not aurpaBBed in 
stern grandeur by any other in Scotland. Among these ranges of 
granite mountains are found the sources of the North Esk, the Dee, 
the Don, the Doveran, and some of the tributaries of the Spey. 
The first of these rivers forma the southern boundaiy of the dis- 
trict, while the last terminates it on the northern side. From the 
upper or more inland portion of the district, commencing with the 
C^ngorm, Ben-na-muic-dui, Ben-na-buird, and Loch-na-gar moun- 
tains, the high land declines eastward, sometimes terminating rather 
abruptly, but generally passing gradually into the comparatively 
level tracts of the south-eastern and norlJi-eastem lowlands. The 
whole district, however, is essentially hilly, and composed of granite, 
gneiss, mica-slate, and serpentine, together with greywacke and old 
red sandstone. Massy, rounded hills, covered with detritus, scarred 
by the torrents, and partially clad with heath and coarse herbage, 
valleys in which green pastures and corn-fields alternate with wild 
woods and plantations ; undulated plains, partly in their natural 
state, and partly converted into fertile fields ; tracts of maritime 
sand, covered with bent, and thickets of fnrze, long ranges of sea- 
clififs, often of great height, together with numerous streams, and a 
few lakes, afi'ord fitting habitations for quadrupeds and birds, as well 
as reptiles, of which the number is few, and fishes, which, although 
not numerous as to epecies in the fresh waters, abound in the aeaa 
that wash so extended a portion of the boundaries of the district. 
Compared with the western coast of the middle division of Scotland, 
that of our eastern aide is remarkably continuous, the sinuosities 
which it presents being but slight. For tliis reason, in part, the 
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marine predaceous quodiiipeiLi are of rare occurrence witli ns. But 
our terrestrial maramalia appear to be as nnmerous as in any other 
district of equal exteat in Sootland ; and some apeciea rare in other 
parts u6 common with us. It seems iiMxpedient, however, to 
enter into geographical deUils. which maj with more effect be in- 
troduced OD occasion. I shall, therefore, proceed to give an account 
of the mammalia which I have met with, taking leave here to state 
that all the desoriptions arc from objects found in the district ; and 
that, thon^ mj obserrationi are not so eomplet« aa one might wish, 
they maj prove interesting to those who have not themselves mai3e 
a mor« extended examination, as well as to naturalists in general, 
to whom our distriot is not quite so well known, in a loological point 
of view, as it deserves to be. 

The Mammalia of Aberdeenshire, and the two udghbouring 
counties, belong to the orders of the Bimaoa, Chin^tera, Insecti> 
vora, Camivora, Bodentia, Buminantia, and Getaoea. Of the firrt 
of these orders, it teemt inexpedient to raj anything ; for although 
the peo^ of the district have many gooid qualitieo, physical and 
intellectnal, they have also some defects, and an aooount of either 
would neoessarily he viewed with less good-will than would prove 
agreeable. 

ORDER CHIROPTEBA. 

Of the Chiroptera, eharacterised by having the anterior limbs much 
extended, and connected with the posterior b; a bare expansion of the 
aUn, so as to render them organs of flying, together with pectoTsl 
mammte, we bave only three species, belimgiDg to two genera of the 
family iS VespertiUooina. 

fam. VB8FBRCTLioiriirA.— MohrteetfawiftacnWtabercIes; anterior 
ligit elongated, the first only beinr short s 
;he rest connected by a broad men^mme, w 
to the hind feet, and from them to the tail. 

Qen, PiiKOOTUS. — Head ronndisb, forehead flat, with a bate lon^tu- 
dioal line ; wings and ears very thin, the latter very laige and elon- 
gated. 

1. Pfceofiu auTJfiu. — Cananon Long'ttired Bat. 

Ears more than twice the length of the head, oblong, rounded, their 
inner margin and longitudinal lib ciliate ; tnwns about a third of the 
length of the ear, lanceolate, rather obtuse ; mr brownish-grey above, 
pale grey beneath. 

This Bat has been found in the roof of Old Machar Cathedral, 
whence Mr Thomas Smith took several specimens, in the summer 
of 1841, five of which I saw, and of which one was giv6n to me by 
him. Another specimen was obtained there in the summer of 
1844 ; and I have seen or heard of a few more that <vere procured 
in different parts of Aberdeenshire. 

Gen. Vespestilio. — Head oblong, forehead convex, muzzle rounded; 
wings and ears thin, the latter moderate, enbovate. 
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1. Vetpertilia DaubenUmU. — DatrhtnUm'i En'. 

Ears ovate, obtuse, one-third sborter than the head, deeplj sinuate on 
the outer margia, and having at the base a small rounded opercular 
lobe, convex on the inner margin ; tragus nearly half the length of ttie 
ear, narroir, tapering, rather acute, slightly incurved, and having a sniaJl 
unKalar lobe at the biue externally ; cheeks tunaid ; apace about the eyes 
rather bare ; a small tubercle bearing a tuft of loltg h»ir& before the eyes ; 
fiir rather long, dense, soft, dull reddish-brown above, ligbt browntih- 
grey beneath. Young, dusky above, dull grey beneath, 

la seventy-two individuals examined, there vrere scarcely any vaiia- 
tiooi in colour. Some were slightly Ughter or browner above, some 
brownish-grey, Mlveir-gTey, or light-grey beneath. lu aome the hair 
was longer, in some finer and more glossy. The tn^us varied comider- 
ably in form ; in some it was almost straight, in some with a sinus or 
slight notch near the end externally ; in sM the point tapering, but in 
some more ebtufle than in others, never blunt and rounded, nor ever 
quhe acuta. In somo the interfemoisl membrane Usfat-gray, almost 
wbitiat), in others dusky. The solea dueky flesh omo«, lighter at 

Thi* species is disttognished Jroru the Fipistrelle Bat by its larger 
eize and different proportions, but especially by the form of the 
tn^fus, which is macb narrower, and not rounded at the end, but 
tapering to a rather obtuso point. Its hind feet are also much 
la^er. 

It is- very abundant about Old Aberdeen, and is found in great 
numbers in Old Macbar Cathedral, where its elumbera have not 
been much disturbed until recently. Tbey retire for the season 
from the middle of October to the eod of N'ovember, according to 
the temperature. In the winter of 1812, I have seen them flying 
so late as the middle of December. In spring, they sometimes ap- 
pear by the end of February, generally sibout the middle of March. 

On the 20th September 1841, accompanied by two young friends, 
I ascended one of the steeples of the Cathedral to make search for 
bats, which were represented as being of frequent occurrence in 
varioas parts of the building. Mr Thomas SmitJi, one of my com- 
panions, having apprised us of a favourable place under the roof, we 
slipped over die bartisan upon the slates, and obtained ingress. 
The beams, placed at a considerable distance from each othec, with 
the intervening spaces occupied by very thin boards, afforded rather 
dangerous footing ; but, having lighted our candles, we proceeded 
cautiously. Having advanced a considerable way into the dark 
space, my companions ascended upon the oross-beuns, when one of 
them, my son, discovered a conglomeration of bats, clinging to tha 
roof and to each other, and Me Smith found another not three feet 
distant. They presented a very singular appearance, as they stuck 
together like clusters of bees, and excited the admiration of us all. 
A very large proportion was consigned to two handkerchiefs ; but 
probably a third at least escaped. A smaller group, of about ten 
indiyiduals, was aflerwards discovered by me, and secured by Mr 
Smidi. In this part of tbe building quantities of their dung. 
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^motit incredibly lai^, were obserred on the beams and elsewhere ; 
and several of the upper steps of the Et&ir of one of the steeples 
were thickly covered with it. The quantity seen mi^t be rudely 
estimated at two barrowfuls. On returning, we let loose the bats 
in my working-room. The nnmber, as we afterwards ascertained, 
was seventy-four, of which about forty were liberated or escaped. 

These Irats are very active. They hobble along the floor with 
considerable speed, and can rise on wing very readily from a flat 
surface. Their flight is moderately quick, and usually silent; font 
in hovering, wh^i intending to settle, or in turnii^ a comer, or 
when any impediment presents itself, the flutter of their wings may 
be distinctly beard at the distance of twenty or thirty feet. They 
utter a feeble, shrill, rather harsh cry, and when irritated, emit an 
incessant querulous chatter. On being seized, they genen^y ixj to 
bite, some individnals shewing considerable ferocity, whils'most are 
timid. When single, they feel cold to the hand, especially their 
membranes; but when many are together, a most surprising degree 
of heat is generated. Forty of them kept some, time in a Urge tin 
cannister, rendered it quite warm to the hand applied to its lower 
part externally. The moisture caused by their perspiratimi, or 
otherwise, covered the sides and top in drops, and ran down as <sa 
the glass of a window in damp weather, and their btur at length 
became soaked with it. 

In the middle of October of the same year, Z revisited the steeples 
and roof, accompanied by Mr Leslie and my son. The weather was 
boisterous and cold, there being a fierce easterly gale, with rain. 
Not a single individual could be found. Tbey had probably retired 
to their winter quarters, at least temporarily. 

This species is much infested by parasites of three kinds. At 
least, I have seen individuals of which the membranes were dotted 
all over with inflamed spots caused by their punctures ; and some, 
which were found in the churchyard unable to fly, seemed to have 
been reduced to that state of debility by these animals. 

I have frequently seen it flying in die evening, even before sun- 
set, and, on a few occasions, early in the morning ; but until the 
autumn of 1843, had not observed it abroad at midnight. In clear 
moonlight nights, however, it flies all night, as probably do all the 
other species. 

In so lar as I know, this species has not hitherto been obaerred 
in any other part of the district ; but there b reason to think that 
it is extensivdy distributed, as bats are not uncommon in Tory many 

2, Vetpertaio PipatrtUui. Pipistrelle Bat. 

Ears ovato -triangular, a little Eborter than the head, sinuate on the 
outer margin, and liaving at the base a small rounded lobe, neariy 
straight, on the inner margin ; tragus about half the length of iJie ear, 
linear- oblong, slightly incurvate, rounded at the end, and having a sinus 
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on the outer margin Dear the base ; cheeks tumid ; s^ace about the ejes 
ittther bare; a BiDall tubercle bearing a tuft of longiah baira above the 
ejes ; fur rather long, dense, soft, deep reddiBh-brown above, of the same 
tint, or pale beneath ; young duskj above, not much lighter beneatb. 

Of the habits of this speoieB, as obserTsd in Aberdwnahire, I have 
nothing to -Bay, it beiag impossible to distinguish it on wing from 
Vespertilio Daubentonii. In 1819 I found a specimen in Corby 
Deii, Marjculter. Mr Leslie has in hia collection a specimen saiii 
to have been found in Aberdeen. I have also eeen it at Peterhead 
and BaulT. 

ORDER IMSGCTIVORA. 

The Iniectivora have the feet adapted for running, sometimes also for 
digging and swimming; several small molar teeth; large molar teeth 
with angular points ; inciaora, if present, thin-edged; canme teeth lar^e, 
oblique, genei^ly compressed. Six species have been observed with 
m ; one belonging to tne Erinaceina, four to tbe Soricina, and one to 
the Talpina. 

Fam. ERINAOEiirA. — Two large canine teeth above, two below, with- 
out ininaoTa; several small molar teeth, and several larger, with sharp 
tubercles, in both jaws ; Umbs short, all Ave toes ; claws strong, arched ; 
tail very abort ; body covered above with prickles, and capable of being 
contracted into a globose form. 

Ofn. Brinaoeus. — Head oblong, muizle pointed ; eyes of moderate 
siie ; ears broadly rounded ; anterior claws lar^e. 

1. Erinaemt Etirojiaui. Enropean Hedgehog. 

Ears veiT short, rounded; prickles of moderate length, yellowish- 
grey in their lower half, brownish-grer in the upper, with the tip pale ; 
lower parts with yellowish-grey stiff hairs, mixed with brownish-grey 
woolly hairs. 

Although twenty years ago of very rare occurrence, or confined 
to particular tracts, the hedgehog is now generally dispersed over 
the district, being foniid in all the lower parts, from the coast to 
the highland valleys of the interior, in many places in great abun- 
dance. It ia especially plentiful along the Dee, as at Ballater, Ban- 
chory, and about Aberdeen, as well in the parishes on the Don, In 
some parts of Formartine it is also abundant, and of late years has 
extended, more or less, over the greater part of Euchan. In the 
New Statistical Account of the Pariah of St Fergus, it ia stated 
that, about 1634, before which it was not known in the district, it 
was discovered in St Fei^s, on the farm of Nether Hill ; and in 
that of Banff it is observed, that, of late years, several instances of 
its occurrence in the parish have been known, although it was un- 
known there at no distant period. It is probable enough that the 
alterations which have taken place in the country, and especially the 
increasing shelter of woods, may have given rise to this extension. 
With us it frequents thickets and other sheltered places, reposing 
by day in some crevice or concealed corner, or among whins or 
other shrubs, and searching by night for its food, which consists of 
sli^s, snails, worms, larvce, and insects. In the beginning of winter, 
it forma a large nest of leaves and grass in some Weltered and con- 
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oeftled place, and enters into it lethargio st»t«, wbioh oontinuee until 
about the end of Bpring, or earlier, Acoording to the temperature, 
vfaen it leaves its retreat, generaUj much emaciated. 

The form of its bIcuU and t«eth shews that it closely approacbes 
to the Shrews, whi(^ belong to the next family, and bodi gronps 
present a considerable resemblance to the Insectivorous Chiroptera 
in these respects. 

Fam, SoBlainA. — Two large, more or lesa deoorved, canine teeth 
above, two more elongated, genenllj protended, canine teetlt below ; 
several small, compressed, anterior, and large taberculate molar teeth 
in both jawB. Anterior limbs very abort, with the feet rather long; 
poBterioT limbB short, ^nder, with tbe feet narrow ; the claws com- 

Eressed, slender, acute ; body snb -cylindrical, or somewhat tapering be- 
ind, with fine soft or velvety pile ; tail of moderate length. 
OtH. SoKBx. — Head depressed, tapering to a long narrow rnnzile, 
with the snout small and mobile; nostrils snuJl, terminal; eyes very 
small ; ears very short, broadly ronnded ; mouth small ; in the upper 
jaw, on each side, a large, more or less decurved, lobed canine tooth, 
from three to five small, and four large, many-pointed molar teeth in 
tbe lower jaw, on each^de, a very large canine tooth directed forwards; 
body nearly cyhndrical, or somewhat tapering behind ; neck short ; tail 
slender, of moderate length ; anterior Umba very short, with the feet 
•lender, five-toed ; posterior TuiibB short, with slendn toe» ; claws small, 
arched, compressed, very acute. 

The British species of this genus have received much attention 
from Mr Jenyns, to whom we are indebted for nearly all the correct 
knowledge hitherto possessed respecting them. I have made those 
of onr district very special objects of study, and have some hope tbX 
the following minute descriptions of them wilt be found not unin- 
teresting : — 

1. Sorm TelragoHtirat, Square-toiled Shrew. 

Duiky-brown above ; reddish-brown on the sides ; greyish-white be- 
neath ; feet very small, with short hairs ; tail half the length of the body 
and head, foui-udod, narrower at the base, of neariy eaual breadtH 
throughout, depressed toward the end ; feet beneath, covered witii short, 
adpreaaed hairs, forming a pointed terminal tuft ; upper canine tooth 
bilobate, with the lobes obtuse, the anterior little longer ; first and 
second small molar teeth nearly equal, and level with the basal lobe of 
the canine tooth ; third and fourth much smaller and nearly equal ; fifth 
very small ; lower canine tooth directed forwards, with three, generally 
faint lobes on tbe edge ; teeth tipped with browniah-red. 

This, our most common species, may be more fully described as bavinE 
the body sub-cylindrical, and rather ftiU ; the head oblongo-conical, 
somewhat lees than a third of the length, excluding the taU, which is 
nearly a half of the whole Ingtb, including the hewl ; the enont long, 
tapering, somewhat square, with a deep broad groove above, apA a 
narrow groove beneath, mobile, and projecting far beyond tbe jaws, with 
the bare tip narrow and emargiuate ; the ears abort, rounded, with two 
large thin mtemal lobes, the upper and outer parallel to the margin ; tba 
eyes very email, convex ; the eyelids forming a narrow elliptical apra-ture ; 
the feet short and email ; the anterior with ue first toe much diorter than 
the fifth, tbe second considerably shorter than the third andfourtb, which 
are e<jua1 and longest; the Bole bare, with six tuberclee and numerous small 
prominences; Uie claws rather long, compressed, little arched, acnte ; 
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liie Mud feet lonKeTj with the first toe a little Bhorter tban tlte fifth, tte 
rest nearly equa£ bat the second shorter, the claws more slender, the 
sole bare, witli seven tuberclea and numerous papillte ; the tail four- 
aided, narrower at the base, afterwards of nearlj' equal breadth, dd- 
preased toward the end, scaly, with short, adpressed hairs, the terminal 
forming a stiffisb point. 

The fur is soft, close, somewhat velvety; on the upper parts dark 
reddiEb'browD, or dull brown, sometimes intermixed with whitish hairs ; 
on the sides reddisb-brown or Uj;ht greyiah-hrown ; beneath greyish- 
wbit«, on the breast tinged with yellowish. The lower sur&£e of the 
snout, and the lower lip, fleeh- coloured. The feet pale flesh-coloured. 
The snout with long, spreading, extremely fine bristles. The feet not 
etliated, but hating short, adpressed hairs. The tail dusky-brown above, 
Hilvery-grej beneath and on half the sides. 

Canine teeth i, anterior molar i, molar } := ',° = ^^■ 

In the upper jaw, on each side, the canine tooth bilobai«, obliquely 
compressed, obtuse, the terminal lobe considerably elongated, decurred 
in about tfae eighth of a cncle, obtnse, but tbin-edged at tbe end, curved 
inward, the two teeth sMeting neaf tbe end. Firtt laniar tooth ob- 
liquely compressed, rouuled, or raUier pointed U the end, about tb» 
same size aa the basal lobe of the canine tooth, or catber larger ; se- 
cond similar, about the same size, and equal in length ; third much 
smaller, and less elevated; fourth a little smaller, fifth much smaller. 
First molar tooth large, with two anterior external, conical, rather acute 
promineuces ■, the second larffer, aud a thin-edged ridge behind, termi- 
nating in a slight prominence in contact with the next ; a little behind tJu 
anterior lobe internally is a small lobe, and nearly in a line with these 
two an internal leas elevated lobe. Second grinder smaller, with three 
external lobes, two internal terminating the transverse grooves betwecfl 
tbe outer lobes, asd two inner lobes. Third grinder with three exter- 
nal lobaa, two internal, and two inner. Fourth grinder very snal), 
transverse, with the crown irregularly concave. And a posterior promiMni 
thin edge. 

In the lower jaw, the canine tootli horizontal, rather slender, obliquely 
oompressed, thia-edged, with tliree obtuse loties on the margin, the last 
lobe less elevated aiKl broader, the tip obtuse bat thin--edged. Tbe first 
laniar compressed, thin-edged, rising into an anterior thin, obtuse lobe ; 
the second larger, but wmilar; the first grinder larger, with three ei- 
t^rnal points, tbe middle largest, the anterior projecting inwards, and 
two Internal ptMots ; tbe second grinder similar, but Smaller ; the third 
much smaUra, but similar' 

The teeth are white, with the tips bntwni^-md, or reddisb-browDj 
sometimes blackish-brown. On the grinders of tbe upper jaw tbe red is 
chiefly on the inner, on those of the tower jaw on the outer side. 

Male. Fekaia Femalk. Fehalo, 
Ft. in. Ft. in. Ft. in. Ft. in. 

Entire length, , . . 

Lengtli of head, . . 

Length of tail, . . 

Length of fore foot, . 

Length of hind foot, 

fflivS in length, . . 

Skull in Iweadth, . . 

Individuals vary considerably in size and colour, as well as in the di- 
menMOM id the snoot, aad in the length of the hairs on the tail ; they 
being in some worn at the tip, in others forming a pointed ttrft. After 
the completion of the moult in June, the pencil at the tip of tJie tail is 
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finely piunted, and BOine of the baira project nearly a quarter of on inch- 
In an old female, obtained on the 30th of June 1843, the hairs on the 
tail were adpresBed and very short, thone at the tip obliterated. The 
upper parts vary from yery dark-brown to cheetnut-brown ; the sides, 
althongn always distinctlT of a lighter brown, also vary in tint ; luid Uie 
lower parts from browniBh-grey to greyish- white. The teeth vaiy chiefly 
from being used. The tower canine, in old individuals, has its anterior 
lobes worn down, so as to lepresent only the two posterior lobes. 

In an adult, the Ksophagus was about an mch in length ; the stomach 
ovate, five-twelfths of an mch lon^, and tbur-twelfUis in breadth ; the 
intestine eleven and a half inches long, and from one and a half to two 
and a half twelfths in breadth. 

Thia species is OMRDum, and generally distribated in the three 
counties, being found equally in the lower districts and in the hi{^- 
land valleys. It ooonre on dry giasay and moesy banks, in woods 
uid copses, by hedges, on links or downs, and in fields, tneadows, 
and pastures. It feede on insects, larrn, and worms, in searching 
for which it works its way in GOneealinent, among the moss and 
herbage, forming long tortuous passages or galleries, similar to those 
of the mole, and which it appears to force more by its snout than 
feet, as theolaws are seldom in any degree blunted. Individuals are 
often met with iu hay fields, and even in wet meadow ground. Bnt 
it is among the long tangled grass by walls and hedges, and eepeinally 
among the ferns and thick herbage of rocky banks, that it is most 
numerous. Often, when it cannot be seen, its presence is made 
known by its shrill, weak, little modulated cry. On the surface it 
runs with considerable speed ; bat it is not there so active as a mouse, 
for it is liable to be tripped by the herbage. It is very often found 
dead in the woods and pastores, especially from the middle of Hay 
to the end of September, and, I think, more particularly in dry wea- 
ther. It is difficult to discover the cause of this mortality ; but, 
judging from circnmetances, I should suppose it to be owing to con- 
tinued drought, which either destroys the worms near the surface, 
or causes them to retreat to an inaccessible depth, for the runs of 
this species are not found to pass into the soil. But I have also 
seen ^rews lying dead on paths in the woods in rainy weather. In 
most cases those found in such situations have been crushed by the 
foot ; but frequently I could not trace any injury inflicted upon diem. 
Owla and Kestrels frequently prey upon it ; but cats, although they 
kill it, refuse to eat it, which may, perhaps, be owing to the pecnliarly 
fetid odour that emanates from it. 

Several foolish notions prevail respecting it among the country 
people, who allege that by running over the backs of horses it causes 
lameness in them, and that it is unsafe for a person to walk over it. 
Some imagine that it lames for life the foot over which it happens 
to run, and others are afraid of allowing it to pass between their 
feet. It is, perhaps, on this account that it is so generally killed 
when met with. The creature, however, is exceedingly harmless ; 
and, as it feeds on worms and insects, it rather merits protection. 
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There is reason to believe that it beeomea torpid in winter, it be- 
ing never heard or seen during the cold months of December and 
January. Its periods of parturition, and its mode of nestling, are 
not known to me from observation ; nor have I found any person 
*ho ooald give information respecting them. But a female, which 
I opened on the 30th of June 1843, contained eight young ones : 
and in one examined on the 14th July there were seven. These 
are positive facts, worth any number of conjectures. The teats are 
eight. The young are of a light brown above, and have the hairs 
on the tail proportionally longer and a little more spreading. In 
September they mbult, and assume a dork brown fur on the upper 
parts. 

The moult of the adults takes place in the beginning of summer, 
and is generally completed by the middle of June, when the colour 
of the upper parts is darker, and the hatr of the feet and under part 
of the tail brownish- white and silky. 

Small individuals, found when the tints of the fur are faded, might 
seem to belong to Mr Jenyns's sorex rusticns. I have seen many 
such specimens ; but still there is a distinct species, race, or variety, 
which occurs with us, and apparently in equal numbers. It does not 
differ materially in colour from the other ; but may be distinguished 
by its smaller size, narrower bead, longer and broader snout, some- 
what stronger feet, and proportionally longer and thicker tail, which 
is four-sided, as in the other, but has the hairs a little spreading. 

Onr country people name sores tetragonarua the Tkravi Moute. 

Sorex tetragonurns, Jen. Ann. Kat. Hist., i. 423. 

Sorex araneus, Jen. Brit. Vert Anim., 17- 

Sorex araneus. Bell, Brit. Quadr., 109. 

Sorex araneus, Penn. Brit. Zool., i. 125. 

3. Sorex Raaieta. Field Shrew. 

Dusky brown above, brownish-grey on the sides, greyish-white be- 
neath ; feet ve^ small, with short ham ; tail more than half the length 
of the body and head, four-sided, narrower at the base, of nearly equal 
lireadth throughout, depressed toward the end ; fiat beneath, covered 
ivith short, slightly-spreading hairs, forming a poiuted terminal tuft; 
upper canine tooth bilobate, with the lobes obtuse, the anterior consi- 
derably loneer ; first and second small molar tooth nearly equal, and 
level with the basal lobe of the canine tooth ; third much smaller ; fourth 
somewhat less ; fifth very small, inconspicuous, partlyfrom being placed 
a little within the line of the rest ; lower canine tooth directed forwards, 
and with three semicircular lobes on the edge, gradually decreasing from 
the front ; teeth tipped with reddish-brown. 

As the description of this species would be in most respects the same 
as that of Sorex Tetragonurus, it will be enough here to point out the 
circumstances in which they agree and differ. They are both dusky 
brown above, greyish-white beneath, and brownish or reddieh'grey on 
the sides ; the number and form of their teeth is the same ; their feet 
and tail are similar. When their pile is new, they are of a deep brown 
aboTe, and tiie tail is well covered with fine hairs, and those at the tip 



D,g,t,.,.d.i.COOC^IC 



392 Tratuieiott Rocks of North Ameriea. 

are eloig&ted, so aa to fonn a pointed penril ; bat >rliea tbeir {nte is old 
asd worn, Ibey are of a much lighter tint, grejish-btowa or reddish- 
brown above, and the lighter colour of the side* is not then bo conteasted 
with tbe dariter oolom of the back. 

{To he continued in our next Number.) 

Transition Jtodu (^Palaozcic Bockt of Metera Rogers) of North 
Ameriea. 

The following ioterestrng docnmeDt is extracted ftom &a 
address delirered at the meetiog of the Aseooiation of Ameri- 
can Geologists and Naturalists, on Ma; 4. 1844, by Professor 
H. D. Rogers. It cont^ns a short account of the order of 
socceesion, and some of the oharaeters of the different North 
American transition formations, from the deepest or oldest, 
called Primal, which rests upon certain saodst^Hies or quartz 
roolu (one of them oalled Potsdam sandstone), and cMiglome- 
rates withont petrefactions, which may be considered as the 
uppermost deposits of the primitive class. To those reading 
on American Geology, this sketch will prove very useful. The 
nomenclature pMrt of the extraot does not harmonise with our 
views on this subject. 

We propose to distribute the whole great body of strata 
from the base, that is, from the Potsdam sandstone, and the 
conglomerates, to the top of the coal mcasores in nine distinct 
series, the products of e» many great suoeessiTe periods ; and 
resorting to the analogy between these periods and the nine 
natural interv^s into whieh the Aty ia conveniently divided, 
we have named them in ascending order, iheprimaly matinait 
levasii, protnedidi<d, medidial, pogt-medidial, ponetU, vespertine, 
and serai series, the deposits of the dawn, morning, sunrise, 
forenoon, afternoon, sunset, evmii^, and twilight periods of 
the Great Appalachian Palaeozoic day. Subdividing each series 
in obedience to natural and obvious relations of the (»'ganio 
remains and mineral boundaries, we have named each ultimate 
subdivifflon or /ormation, calling the time during which each 
formation was produced an epoch ; and between the aeries and 
formations, we have oonstructod s/roups, in all cases where the 
natural affinities of the formations reqiure that two or more 
of these latter shall be united into associations, subordinate 
to the series. 

Oar Primal teriet embraces the four great rocks between 
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the base of the Palaeozoic atrata and the base of the first lime- 
stone, the oalciferous sandstoDe of New York. Of these, the 
primal white sandstone would seem to be the only formation 
existing in New York, or, according to Owen, on the north- 
western margin of the basin in the western states. 

The Maiinal series includes all the strata from the horizon 
of the base of the oaloiferons sandstone, to that which marks 
the top of the Hudson River slate in New York, and the top 
of the blue limestone of the western states. This series, in 
south-western Virginia, and East Tennessee, embraces a thick 
and important middle group, consisting of three formations, 
not extending north-east of the New River, and only imper- 
fectly represented in some portions of the western states. 

The Levant series includes alt the formations between the 
horizon, terminating the Matinal rocks, and one running 
through the top of the water lime formation of New York, the 
top of the non-fossiliferous and " pitted rock" of Late Huron, 
and through a plain low in the cliff limestone of the western 
states. It takes in, therefore, the Medina, Clinton, Niagara, and 
Onondaga salt groups, and water lime of the New York survey. 

The PremediMal series embraces the strata between the top 
of the water lime and the top of the Orisiany sandsione of New 
York, and includes, therefore, the PerUamerus and CatskUl 
Shaly limestones of that state, as its oldest formation, and the 
Oriskany sandstone as its newest ; and, besides these, a middle 
formation not there seen, but well developed in Pennsylvania, 
with characteristic fossils. 

The Medidial series ranks in it all the strata between the 
top of the Oriskany or Premedidial sandstone and the Mar- 
cellus black shtte of New York, or the black bituminous slate 
of Ohio, Indiana, Kentucky, and IVIiddle Tennessee. It, there- 
fore, includes the Schoharie grit and Onondaga and comifer- 
owa limestones of New York, and the upper division of the cliff 
limestone of the west. 

The Postmedidial series embraees that very natural assem- 
blage of formations, commencing with the black slate just 
named, and crossing with the horizon which marks the base 
of the CatakUl red sandstone. It contains, therefore, for New 
York, the Maroellus shades, the Hamilton group, the Tully 
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limestone, the Genesee slate, the Fortage group, and the 
Chemung group) and for the west all the strata between the 
top of the cliff limestone and the bottom of the carboniferous 
limestone. 

The Ponent series includes all the rocks between the base 
of the Catskill red sandstone and the top of the overlying con- 
glomerate. (Formation X, of the Pennsylvania and Virginia 
Annual Reports,) It usually embraces but two formations, 
the Ponent red sandstone, and the Ponent conglomerate, 
though the former of these requires for some districts a triple 
subdivision. 

The Vespffrtine series comprehends the interesting formations 
above the horizon of the Ponent conglomerate, and below that 
at the base of the great conglomerate under the ooal measures. 
In Pennsylvania, it is composed of the thick red shale deposit 
of the coal regions ; and in Virginia, of a much more complex 
set of strata, including a lower red shale or variegated marl, 
next a great thickness of carboniferous limestone, and then an 
upper set of shales with alternating sandstones. In the west- 
cm states, on the other hand, it oonsists almost exclusively of 
the carboniferous limestone and it« subordinate chert. 

The Serai series embraces one vast and multiform body of 
coal strata, the thickness of which in Western Pennsylvania 
and Virginia, exceeds three thousand feet, being in the an- 
thracite basins probably still greater. The lowest or oldest 
subdivision of this series, is the Serai conglomerate, and the 
true coal formation overlying this, is divided into four distinct 
members, — the older coal measures, older shales, new eoal 
measures, and n^w shales; these last terminating the entjre 
succession of one thick and wide-spread Appalachian strata. 

The whole body of rocks here grouped into nine series, con- 
tains, upon the most care^I analyds which we have been able 
thus far to institute, about forty-eight formations, few, if any, 
of which are co-extensive with tlie present limits of the great 
Palffiozoic basin in which they lie, or even with that part of it 
included between the Blue Ridge chain, the Mississipi River, 
and the great Lakes. Those which were the most widely de- 
posited, are the Matinal magnesian limestone, the Levant 
older (or Niagara) limestone, the Ve^rtine (or carboniferous) 
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limestone, and the older coal measures. Others occupy a re- 
latively circumscribed area, yet none are called formations 
which are not the products of distinct formative actions ope- 
rating during epochs characterised by distinct groups of races. 
My brief limits will not allow me to present here even the 
general scheme of names by which we purpose to designate the 
divisions of this extensive system of strata; but I will explain 
succinctly the principles upon which the names are chosen. 
The title given to any formatioD is composed, first, of the 
name of the period to which it appertains ; and, secondly, of a 
word or words descriptive of the ruling mineral character of 
the rock ; Mid to these is appended, when we wish to specify 
the type under which the formation is referred to, the name 
of the district or place where it is so developed. Let me ex- 
emplify this by one or two instances. The well characterized 
formation, called in the New York survey, the Marcellus 
shales, is named by us the Postmedidial older black slate, while 
the Genesee elate is called Postmedidial newer black date, and 
a member of the Clinton group of New York, occurring there 
ae a thin bed of brown and ponderous sandstone (seen on the 
Sequoit), but expanded in Pennsylvania and Virginia into an 
important masf, having characteristic fossils, and a maximum 
thickness of two hundred feet, we propose to call the Levant 
iron eandttone. — American Journal of Science and Arts, Vol. 
xlvii.— No. 1, p. 154, July 1844. 



On ifie Biluchi Tribes inhabiUnsr Sindh in the Lower V^cUley of 
the Indus and Culeki. By Captain T. PosTANB.* 

Commaaicated by the Ethtiological Society, 

The general term of BiiUchi is applied to a race professing 
the M^omedan religion, whose country is hence called 
Bilticbistan, which may be described as the whole of that 
mountainous and desert region stretching westward of the 
Indus from Cape Monze to the Valley of Shawl, and of which 
Kelat may be considered as the capital. This people thus 
form a connecting link, as it were, between the Persian and 

* Read before the Etbnological Society on the 10th uf April 1844. 
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Afighan tribes beyond, and the mixed Rajput races who oc- 
cupy the iiorthem and north-western portion of Guzerat m 
India. 

The earliest det^ed and well aatfaenticated account ^ven, 
I beliere, of this people by a Bnropean authority, is by that 
distinguished traveller, and now high fuDctionary, Sir Henry 
Fottinger, who, in the year 1810, undertook a highly danger- 
ous though deeply intu^sting journey through the whole ex- 
tent of this country, and has recorded, in a aeries of valuable 
notes, the result of his personal observations and inquiries. 
From that period up to the last five or six years, few, if any, 
Europeans have had the opportunities of seeing more of them 
than was presented by casnal joumies tbroogh portions of 
their country : of such the most interesting results have been 
given by Mr Masson, who, taken as a traveller beyond the 
Indus uid in Central Am generally, is probably the most 
valuable as an actual authority, from the intrepid manner in 
which he threw lumself amongst these wild and lawless 
people, and the favourable opportunities he therefore had, 
for a long period of time, of intimately studying their pecu- 
liarities and characteristics. These few observations are 
made at starting, lest any uodne value should be placed on the 
slight remarks which are now to be made, and which solely 
have for their object the resolts of the author's experience of 
portions of tribes, with many of whom the British Groverur 
ment has for the last five or six years been uaexpectedly 
brought more or less into contact, seldom amicably, and lat- 
terly in deadly hostility, and over many of whom prospective- 
ly it intends, it is to be hoped, to extend die fostering band 
of civilization and take to its charge, along with the millions 
who own its sway in the vast regions of the East. And 
here the aathor trusts be shall stand excused if, in having 
the gratification and advantage of addressing a Society like 
the present for the first time, he ventures to offer hie humble, 
though sincere, tribute of congratulation, that a body so form- 
ed sbouM exist in this country, having such laudable objects 
to work out as increased knowledge of the races, states, and 
condition of that " noblest work of the Creator," in all parts 
of the globe ; for surely few purposes for which societies are 
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formed can be considered as of greater interest or even merit ; 
and, as applied to that magnificent pwtion of British dominion, 
to which all the attention that this great nation can shew, 
will but be found barely inadequate to do justice. Inquiry 
into its vast and ever varying peculation most be highly 
valuable, if the reeult be only to bring us more intimately 
acquainted with a people, who demand not only an interest 
excited by curiosity, but to whom this nation individually 
and collectively are under deep responsibilities ; for it may, in 
all reverence, be fairly inferred, that so immeasurably import' 
ant a charge as providing for the well-being ot a large share 
of the population c^ the globe, was not committed to us as a 
nation by Providence, without demanding a due weight of 
obligation. 

The orif^n of the Bildchis, as a distinctive class, is involved, 
like most inquiries of this sort in the East, in obscurity ; 
though it may be conjectured that they are of an Arabian 
stock, and in all [vobahiUty came to the neighbourhood of the 
Indus, either shortly prior to or at the period of the first Ma- 
homedan conquest eastward under the Khalifat of Walid. 
Their own traditions vaguely ascribe their original locality to 
Sh4m or Damascus, though they have do date or record, oral 
or joscribed, to attest it. As, however, the seat of the Kha- 
lifat was in those days at Damascus, and it was from thence 
that the army which conquered the countries bordering the 
lower Indus was dispatched, there is some reason for conclud- 
ing that they were colonies from these conquerors who either 
subdued and possessed themselves of the countries of the 
aborigines, who were Hindus, driving them out or else caus- 
ing them to be amalgamated in religioa with themselves by 
conversion, of which certain classes amongst them to this day 
bear considerable evidence. 

Such are tbe B4bis in higher Biliichistan, and the Jutts in 
the lower country. It is also particularly noted by the Ma- 
homedan historians of that period, that certain tribes (an ap- 
pellation not i^plicable to Hindus, but which the Moslems 
adopted,) embraced Islamism, and were obedient to the con- 
queror, receiving immunities for bo doing. A list of these 
tribes is even given. But to the BilliGhis. They are certainly 
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a different race from atl about them, they hold no affinity 
except in religion with the Afghans, who are more o£ the 
Persian character, and are again distinct from the Brahims 
and Mekranis, who are farther west. The true Bil&cb, or, 
as he proudly styles himself proudly, the " Usul," {literally, 
originally pure,) BilQch of the desert is decidedly a particular 
and distinct class, and possesses peculiarities apart from his 
geographical position, which would appear to mark him as hav- 
ing considerable olaim to an original ofEsboot from the Arabian 
family. With respect to the claims of these people to a Jew- 
ish origin, it may he said, like those of the Affghans, to con- 
sist principally in the conformation of feature, — the division 
into tribes and certain curious adherence to the Levitican 
law in the brother marrying the brother's widow, — punish- 
ment of adultery by stoning to death, and other minor points. 
This is too interesting a subject, however, to be passed over 
lightly, but where conjecture can only be applied, and where, 
moreover, the strong bias of the mind might lead to errone- 
ous conclusions, in default of anything authentic, it is perhaps 
better to dismiss it than to hazard mere opinions. Suffice it, 
therefore, to observe, that the Bil6chi cast of feature is cer- 
tainly Jewish, the i^pearance and costume of the wilder 
tribes, such as is strikingly represented in Oalmet's Illustra- 
tions of Patriarchal Habiliments (though it may probably arise 
from the same causes of climate, &c.) and that, as before ob- 
served, several of their laws, social and religious, bear an affi- 
nity to those of the Levitican ; — ^but whether they (the Billl- 
chis) have any claim to be of the lost tribes, in any Jewish 
extraction beyond an Ishmaelitish one, is a subject requiring 
deeper and more learned antiquarian research, than has 
hitherto been applied, and until competently dealt with, had 
better be left alone. 

The history of the BU4cbi is as much involved in obscurity 
as their origin, until a certain period, when they appear to 
have constituted themselves with the Brahors imder Nasir 
Khan, about the middle of last century, an independent 
people, and Kelit became if not the seat of regal power, at 
least of a powerful chieftainship, which the various tribes duly 
acknowledged and maintained by a complete system of feu 
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dalisni. As our object is, however, rather to inquire into the 
present condition of this people, as presented to our view, 
than to discuss points which maj he considered after all to 
have secondary or antiquarian interest, we may proceed to 
descrihe the Bilfichia as they are, or lately were, for with 
many of them a new order of things has arisen within these 
two years, and causes are at work which may possibly have a 
great eifbct ultimately on their moral and social condition. 

The first great feature of the Biluchis, is their intricate 
division and subdivision into numerous Koumt or tribes, and 
these ^ain are subbivided into almost endless &milies or 
minor parties- Each tribe acknowledges implicitly the autho- 
rity of a chief, which office is hereditary. The attachment, 
amounting to devotion, paid by this people to their chiefs, is 
manifested on every occasion whether of peace or war, and a 
true patriarchal system is thus perpetuated. But the tribes 
are by no means unanimous amongst themselves; on the con- 
trary, it is difficult to find any two who are not at feud with 
their neighbours, and a great many have blood quarrels, which 
are perpetuated by continued acts of violence, for a blood 
feud can never sleep, and it is said that a Billch never fore- 
goes his revenge, though for mutual advantages these feuds 
sometimes slumber, and are relinquished for a certain period, 
and seasons are i^eed upon between parties for mutual ad- 
vantages, wherein they abstun from violence ; but on the ex- 
piration of these, the old state of deadly animosity is revived 
with increased bitterness, and a condition of society therefore 
exists, which is analogous to tb^t of the Arabs and wild tribes 
of other countries. This, however, does not prevent this 
people from amalgamating to meet a common foe ; their pri- 
vate sources of quarrel are in such cases kept in abeyance, 
and as a proof of this, the British troops in the course of our 
campaigns beyond the Indus, often found that Bildchi tribes, 
who were well known to be at most deadly feud with each 
other, had joined in meeting the British bayonets in the va- 
rious terrific defiles and passes which the Biliichis held as 
their own unaleniable right and property. 

There are no less than fifty-eight distinct tribes branching 
VOt. XMVIl. MO. LXZIV. OCIOBBR 1844. 2 c 
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from Uiree great bead^ Bindit Mvghaeea, and Nihr6et, not 
calcnlating their mibdiviaioDB, enumerated by Sir Henry Pot- 
tiqger. Of the numbers of these it would be difficult to ar- 
ri¥e at anything like an approximation, bnt of those located 
immediately on or near the banks of the Indus, it yna cal- 
cnlated that 40,000 fighting men could be collected, and late 
events have proved that this was a {M:etty fair estimate of 
their strength, though this, it most be remembered, ref^s 
only to those dwelling in the cultivated plains, and not in- 
cluding those of the desert or the mountaineeis. The prin- 
cipal tribes located in Skidh are the Murris (in reality a bill 
tribe, but having c<Jonie8 in the plains), Ehosat, MuzartM, 
Mu$htu, Umrcmtt, Ltdeit, Ckandiert, JuI^omU, Jatoit, Salp^M 
(the late reigning duels were of tikis family), Kamas (the pre- 
ceding dynasty who appear to have been rather of a sacred 
stock than Bil6chi), Bmdg, B^&rdtt, EtHraatis, Jokias, and 
Nomrias (two tribes inhabiting the range of hills immediately 
to the westward of Karachi, and belonging in reality to the 
province of Lns, under the dominion of the Jam of Beilft), 
though their services as escorts to the trader and traveller are 
eonstantiy called lor throngh Lower Sindh, and others. Of 
these the Binds, B&rdis, Muzaris, Untrania, and Jatoit, are 
found to have their head-quarters in the partially desert 
tracts lying between the Indus and the Bolan Pass, and in or 
near the same locality are also found the Murris, BrogUt, 
DUmkis, Jekranls, and Jekrarus. The Chandias, again, are in 
the C%andokah district, of which Larkhana is the capital, and 
which is notorious as being the most fertile in all Sindh ; a 
very powerful and numerous tribe, whose influence, when 
thrown into the balance, has often helped to settle matters 
affecting the stability of the rulers. There is another very 
important tribe, the Lagharit, the chief of whom, Ahmed 
EChan, was a distinguished nobleman and statesman at the 
Court of Hyderabad, holding an office equivalent to that of 
vizier or prime minister, but this tribe is siud by some to be 
of Jutt extraction, and not real BilucA. The Khosas were 
formerly a power^ tribe, but attaching their fortunes to the 
flailing house of Kalora, they were visited, accordingly, by 
the successful Talpiirs. On tiie confines of the desert known 
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as th« TAurr, which sepai^tes Siodfa from Catch ind Guzirat, 
they are predatory, but in Sindh are cultivators and peace- 
aUe, and for BilUchis, an industrious class. I am not aware 
that there are any physical peculiarities distinguishing tribes 
generally, though, as will be hereafter noticed, the desert and 
hill Bilachis differ in costume, Btatnre, and habits from their 
brethren of Sindh. There are numerous other tribes in the 
line of country designated, but they scarcely merit detail, 
were not the materials wanting. 

The Billichis, in their divisions into tribes, liave a grent 
deal of the family pride which distinguishes the Rajptit ; and 
of the above heads of families, the Bindt are considered to 
bold a particularly high place — many of tbe other tribes, 
therefore, claim Bind extraction, such as the Murris, Dlimkis, 
Jekranis, and others. In marriage this is particularly oh- 
servable ; a daughter may be given by a Rind to a Bind, but 
it would be cmsidered degrading to marry into a lower order 
of clan, the extreme pride with which this people boast of 
their claim, as before observed, to " Vgul" A real nnmixed 
Bill^hi blood is peculiar, and seldom seen amongst Maliome- 
dans in the East, though happily for them they are, or pretend 
to be, totally ignorant or unmindful of the very low estima- 
tion in which, as a people, they are elsewhere held, the term 
Bil6ch being by the other inhabitants of these countries lite- 
rally translated by its initial Persian letters to mean g> b6, 
thus u bud or bad J I6m, lorchur or vagabond, and ^. chccm, 
ckbx or thief, a silly invention in itself, but significant of the 
bad character this people have gained. 

The Biltichis located in Sindh, acquired under the late 
Bilfich dynasty a great and important share of the country, as 
Jahgirdars and feudatories, the tenure by which they held 
their possessions being military service, vid very analogous 
to the old feudal system in Europe. This also obtained 
throughout the whole of Biltichistan. Locating themselves in 
the plains, and on the banks of the river, the BiHchisin Sindh, 
though wild and barbarous as compared with the inhabitants 
of our own Indiui provinces, were yet superior in this respect 
to their untamed brethren of the desert and mountains, who, 
ctccupted alternately as robbers or shepherds, are as wild as 
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it is possible to find any race of men similarly situated. Even 
tbose who may be considered as peaceable clans, since they 
occnpied themselves on their farms or estate as saperriung 
cultivators, carried with them the thieving propensities for 
which they are notorious, and thua acquired for the inhabi- 
tants of Sindh generally a proverbially dishonest title, though 
in reality it appears to be this class frtiich done merited it ; 
but we Bball refer to this point mote particalariy in discuss- 
ing the character of this people. 

{To be concluded vt our next Nattier.) 



SCIENTIFIC INTELLIGENCE. 



1. Climate of Kordofan. — The elinittto of Koidoftui, M>ys Igiwtiu* 
PaUme in Iub travels, is verj nnbealtli;, eipecMlj dormg the laiaj aeaaa^; 
no hut is then, indeed, to be met witi), in which there are not, at least, 
several sick. In the dry season, again, all disease disappears ; at Uiia 
time, however, not onlj Taan, but all living creataros, suffer from ex- 
treme heat. The eye then leela with melaikcbolj on the desolatfi and 
parched plains, trophies of the victory of the heat over animated natoie, 
where nothing is to be seen bat bones of men and animals bleaohed by 
the burning snn. During the whole of this season, whicli endures about 
ti months, the sky is clear and c)oadl«is, and the heat is insui^ioMable, 
especially in the months of April and May. From 11 o'clock ^m. to 3 
r.M„ when the thermometer stands in the shade at SS" or even at 40° 
Reaumur (117° to 122° Fahrenheit), it is impoesible for any breatbing' 
creature to remain in the open air. Everf living being, both men and 
cattle, with equal eagerness, seek the shade to protect themselves iron 
the scorching rays of a fierce sun. Man sits, during these hours, as if 
in a vapour bath ; his ohaerfulness of disposition dedlines, and he is al- 
most incapable of thonght ; listless, and with absence of mind, he atai«a 
vacantly before him, searching in vain for a cool spot. The air breathed 
is hot, as if it proceeded from a heated furnace, and acts in so enerva'ii^ 
a manner on the animal economy, that it becomes a tronlde even to move 
a limb. All business ceases, every thing is wrapped in a sleep of deatli 
until the sun gradually sinks, and the cool air recalls men and animabi 
again into life and activity. The nights, on the other hand, are to 
sharp, that it is necessary to be more careful in guarding against the 
effects of cold in this conntiy, than in the northern parts of Europe; £kr 
the consequences frequently prove fatal. During the dry season, every 
thing in nature appears desolate and dismal ; the plants are burnt up ; 
the trees lose their leaves and appear like brooms ; no bird is heard to 
sing ; no animal delights to disport in the gladnow of its ezistenoe ; 
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ever; liring being creeps to the foreat to Mcnte itoelf, seeking sfaelteT 
from the fearful heat ; Bave that, oow and then, an oatrich will be seen 
troveraing the desert fields in flying pat», or a giraffe hastaning from 
one oasis to another. " When I arrived at Lobeid," sajs the writer, " I 
onlj found one single European living, Dr Iken, whom I hare befiwe 
mentioned, a native of Hanover, who, like most of VLa Europeans, after 
a short residence there, paid his tribato to the climat«." 



3. Depretnon of tkt Oa^iian. — The President of the Geogrephioa] 
Socie^ of London, in June last, read the note of a Rossiau operation for 
determining the actual depression of the Caspian Sea below the level of 
the Mediterranean — which operation had been reduced bj the eminent 
astronomer, M. Struve, then in England, and coramonicated bj that 
gentleman to him. A few years ago it was generallj believed that the 
waters of the Caspian were at least 300 feet below the level of those of 
the Black Sea and Mediterranean. This view was adopted in consequenoe 
o{ A series of barometrical observations ; but it having been found that, 
-&Vta the great nnmber of stations across the land separating the Caspian 
&om the sea of Azoff, small errors had become greatlj magnified, a new 
survej was made. Three able mathematicians, Messrs Fuss, Saritch, 
and Sabler, were, therefore, employed to make independent trigonometri- 
cal levellings ; and their observations treeing to within a foot or two, 
give, for the mean result, 63.6 English feet as the depression, the possible 
error being limited to 1.3 foot, which definitively settles this long pend- 
ing geographical question. — AthentBom, No, 870, p. 601. 

3. " TAe Callinff of the 8ea." — As the foreknowledge of approaching 
ehanges in the weather is of importance, especially to fishermen and 
agrionlturists, I invite attention to a very common, but not generally 
known, indication of such changes. 

In Moont's Bay, and probably in all places similarly situated, there is 
often heard inland, at a distance from the sfaore, a peculiar hollow, mur- 
muring sound, locally termed " the calling of the sea," which, if proceed- 
ing ii^m a direction different from the wind at the time, is almost always 
fbllowed by a change of wind, generally within twelve, but sometimes 
not until a lapse of twenty-tbur, or even thirty hours. It is heard some- 
times at the distance of several miles, although on the shore from which 
it proceeds, the sea may not be louder than usual ; and yet at other times, 
even when the sea on the shore is louder than usual, and in apparently 
equally fovoorable states of tbe atmosphere, it cannot be heard at the 
distance of a mile. When the sound, in fine weather, proceeds from the 
coves or difi^ on the west or south of the observer, it is followed by a 
wind from about west or south, accompanied generally with raiu. When 
it comes from the east or north of tbe observer, a Wd wind from about 
east or north succeeds, attended with fine weather in summer, and often 
with frost in winter. All my own observations during the last twelve 
months, confirm the above statement; indeed, none of those of whom I 
have inquired, and who have for many years been accustomed to observe 
these indications, can recollect a single instance of their failnre. This 
sound must not be oonfbonded with that arising from a " ground sea," 
which is the well known aj^tation along the shore, occasioned by a dis- 
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taiit itonn, and which m&y Ukawiw ofteo |vooeed fram the dizeattan anb- 
Mqnentlj takeo b^ th« wind, ibr thia latter noise propagateB itself in 
every direction, and chiefij in that of the wind ; whereaa tiie " oalliuf^' 
IB heard onlj from one direction, and ofnaUf eoatrterj to the wind. 
Berides, if thi* " calling" oome from the north- eastern, or inmoHt shore, 
of the baj, and the wind afterwuds change to that qoarter, it oonld not 
posBiblj ariie from a "gnmnd fea" podnced b;f a diitant etarm from 
that diiectioB. 

Hwtce it appean that the " calling" of the sea depends not on the 
condition of the sea, but mi that of the atnMwpbere. I am infonned, too, 
that jtreTiaDslj to a change of weather, all digtant aoundB are Keaid 
loudest in the direction which the wind mbsequentlj takes. The fisher- 
men of Portleven, who are ver; obserTant of all sigiu of attnaspherical 
changes, are particularly attentive to this. _ They also notice the motion 
of the ch>udi, and observe whether these are moving or not in the direc- 
tion of the vanes — one very singolar and sure sign which they have, that 
the wind will change in the conne of the day to the south-west, is a 
morning fog flowing frnm the Loo-pool into the bay towards that point. 
These last indications may possibly aasiit in ascertaining the cause of tiie 
" calling of the sea."— Rich akd Edmonds, Esq. Eleventh Atimtial 
Peport Of tht Royal Polgttehnie SoeUttj cyf Comuali, p. 47. 



4. Fomil Phyteler Whale In the coUection of Mr Brown of Stan- 
way, is a remarkable fossfl, which Professor Owen proved to be the bxitb 
of a Cachalot, and, in the report of the British Association ibr 1842, 
states to have been procured from the Diluvium of Essex. Mr Charles- 
worth having examined tlie specimen in qnestion, oonsiders it a genuine 
crag fossil from the same deposit with the cetacean remains described by 
Professor Henslow at a previous meeting of the Association. 

5. A reeenUy dttcovered Bed of DiamoniU in Mexico. — According 
to the rep4»t of an expert geologist, Von-Gerold, diamonds have been 
discovered in the great Mexican mountain range, in the Sierra vutdre, 
in the direction of Acapolco, (to the 8.W. of the city of Mexico.) 
Humboldt had conjectured that diamonds and platlna occurred further to 
the N.W. in the gold washery of Sonora. It is also said that immense 
tracts of auriferous oUuvluni occur in Upper California, as also in New 
Mexico. They are prineipally in the possession of wild tribes, a circum- 
stance which will accelerate the intrusion of the North Americans, and 
hasten the taking possession of them by strangers.* 

6. Stmcttira atul probable mode of formation of th« older Mountain 
Rocht. — Those natundists who continue to believe in the existence of the 
true stratified structure in primitive and many transition rocks — who 
M»sider mineral veins as of after formation to the rocks in wbich they 
ara omtaiited — who conceive inclined tabular rocks (the old stratified 
roaka of authors) to have been upraised from an original horizontal poai- 
tifai — who mtuntain that the natural seams of rocks, sometimes bounding 
or enclosing masses many hundred yards or fathoms in extent, are me- 



■ Fogsfnidarflr'a Annalen, vol. eS, p. 283. 
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oburtcAl, and not ohemioal efibct* — who deny the exirtenee of colonal dii- 
tinct conoretionB, and see the columnar atractore of trap, porphjiy, gi»- 
nite, Ac, as a mechanical effect — who beliere all conglomersited rocks to 
be of meohanical formatloD — that all saodstoces ore of mecbanieml ori^n 
— that t»p racks have received their Btmctare and positiuns throug|)i 
volcanic agency — that granite, Byeiiit«, and porphyry, are of after forma- 
tion to the rocks with whiidi they are connected ; and that the apparent 
&agmente these rocks eoraetimes contain, are mechanical effects — will 
obtain dearer views of the stmctures of the erost of the earth, and 
their mode of formation, if they inject the mechanical hypotheBis, and 
coll to their aid t^e chemical and contemporaneouB geognostical doctrine. 

7. DofottU organic rcmaitu of living tmitnal ipeciet occur m any 
of the four great claue* of roekt, vie. Primitive, Tratuition, Secondary, 
and Tertian/ ? — At present, it is a prevailing opinion, tliat foBsil remains 
of living animal species occur, along with those of extinct species, in 
rocks, as in those of the tertiary class. If, however, the late dieooveries 
of palnontologistB prove tme, it follows, tbat all llie fossil animal species, 
even those found in the newest of the tertiary class, ore extinct ; and 
that fcBsU living species do not occur bnt in alluvial deposits. 

6. Diluvium and Alluvium. — As the wat«Ts of the globe formerly 
oovered its whole sorface, and as these waters have gradnally sunk to 
their present level, or rather as the land has gradnally risen above the 
surface of the ocean, does it not follow that the formation of dilnvium and 
alluvium commenced about the same time, and that both mnst occur in 
every country, the diluvium being formed by the action of the sea, at 
whatever height it may be found above its present level, while the alln- 
vium is the result of the action of the atmosphere, lakes, rivers, and 
springs ? 

9. Oeclogy of Ahymnia. — Captains Galinier and Ferret, who are abont 
to publish at the expense of the minister of war, an account of their ex- 
pedition to Abyssinia, have sent to the Academy of Sciences a list of the 
subjects treated of in the four volumes of whidi their woric will craisist. 
They have also transmitted a separate memoir on the geology of Tigrd 
and Semen. 

Por the purposeof drawing up this geological description of Abyssinia, 
■ and forming tie map and geological sections which accompany it, the 
authors have collected on the spot a series of specimens, which are now 
deposited in the Jardin-dea-PlanteB, illustrated by sections and a num- 
ber of notes. Their work shews that Abyssinia is a country which bas 
been subject to many geological accidents, and that these accidents 
are of diiferent kinds. In consequence of this complex orography, we 
perceive from the first, that this country is necessarily very remarkable 
in respect to its geological constitution. MM. Galinier and Ferret ars 
convinced, that if Abyssinia does not offer the complete series of finmut- 
tions to the geologist, it presents at least a great number, and that it 
ought to be ranked among the most complex and remarkable eoontries 
in a geological point of view. The formations they have met with in 
Abyssinia, range from the flirt to the last degree of the geological soale. 
Thus they have found primary and traniition formations m the oountrj' 
of the Chohos, in Tigre, &c. ; secondary formations at the extremity of 
Tigt^ and the country of the Taltals ; tertiary and modem formatiimi 
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OB the Bhorei of the H«d Se^ in Tigi6, SSmen, Chii£, &c. If wa join 
to thia tsage of the geological ecale, a gi«at varietj of sedinmLtaiy radn^ 
lodu of plntonic and voloasii: origin, also tlioM luiiaUy nojned metaauiv- 
phic, a coniiderable number of extinct volcanoes, liot springs, ropoeitonea 
of iion, SDlpIiQr, rook-talt, combnftible SBbatsnoes, nalaohito, &a., we 
will obtain a genenl idea of the geological importance of Abyssinia. 

The general chancier of the relief of this coontij has bees jvodsaed 
bj three kinds of ridges. The first is fonned bj the direction of Uta 
moontains of Tarenta ; it affects the primary formationB, and nnia fKaa 
the north-west to south-east, that ia to say, in a direction parallel with 
the Arabian gulf. The seoood is represented bj the mountAina of tha 
transition formations of Tigr^ ; it evidently runs from the nortb-eaat to 
south-west, that is, in a direction parallel to the ahorei of the Qnlf of 
Aden in the Indian Sea. Lastly, the third is formed by the genaral 
direction of the tertiary plateaux of Tigrfi, Chil6, Agam6, &c. ; and mna 
from north-north-west to south-south-east. 

It would be very interesting to connect the three systems of elevalaMi 
which MM. Oalinier and Ferret have pointed out in Abyssinia, wiUi the 
general systems of elevation ealablish^ by M. Elie de Beaumont ; but 
for want of sufficient data, the authors of the memoirhave not attempted 
to do this. With regard to volcanoes, MM. Oalinier and Ferret have 
observed, that the prodocts of munerouB volcanoes are t{> be seen in the 
islands near Abyssinia, and on the shore* of the sea. They iwnsidar it 
probable that they existed before the period when the Ptolemies tonnded 
establishments on the ooaala ; but it is not certain that any now exist 
in Abysmnia ; the springs of hot water they observed on the shore, oonld 
not decide the question, although some reach 64° and 65°,* and even 
exceed that. Many travellers, it is true, atHrm that they have seen 
volcanoes on the coasts of Choa. M. Boohet, in particular, has mentioned 
the volcano of Dofano. and fig^nred it as being in a state of activity ; It is 
situate in the vicinity of Angobar ; but MM. Galinier and Ferret are of 
opinion, that it is very possible M. Rochet has mistaken fomaroles for 
a true volcanic eruption ; for the Abyssinlans appear to have no idea of 
voloanoea.t 

10. LimetttMt of Corfv. and Vido. — Captain Portlook, R.E., is erf* 
opinion that the limestone of Vido is probably oolite. 

11, Otologi) of Malta and Qozo. — From the obaeTvations of Lient 
Spratt, R.N., it appears that the Maltese islands are formed of tertiary 
strata, of the Middle or Miocene period. 

lU. Eotia of Tangier. — In the travels of Bodta, better known aa Alt 
Bey, occars the following psasage : — 

" The groaad which forms the basis of the coast at Tangier, is com- 
posed of different beds of secondary granite, of a compact or fine grann- 
lar texture. These beds are mclised to the horizon, and form with it 
a.i angle of 50 to 70 degrees. They are generally one foot and a half 
thick ; their direction rons from east to west, and their inclination, by 
which the angle is formed, is northerly. 

" The distance between the beds is commonly about two feet, and 

• It is Dl 
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tbia ^piM ia filled with a tort of white, and not \erj hard claj, which, 
taking the same direotion, fonns intennediate beds of a slatj texture. 
These bedi of gnnit« and oiaij are veij little above the level of the 

AH this is erroneoiu. Not a vaatige of granite oocnn in the couutrj 
around Tangier. I visited that country in 1814, and pasted along the 
toast from the east of Tangier towaida Cape Spartel, where I observed 
no other rock than uudBtone, and a enmibling clAj-ilate, or rather ahsle. 
in mj" journal is the following note : — 

*' Obserre that the rooks under the walls of the town eoniist of alt«r- 
lutte strata of a yellowiah-brown sandstone, of a fine grain, and a onimb- 
ling bluish slat; clay. The beds of the former are abont a foot and a 
half thick, the latter generallj three or foor tbet. This aliemation is 
oontiuned under the town, and fbrois the rook on which the castle 

I traced it in varioiu other places on both sides of Tangier ; and Cape 
Spartel seems ta consist of this sandstone. The other indications of 
granite, mentioned by Ali Bej, between Tangier and Tetoan, I believe 
to be erroneous ; for the whole of that part of Morocco appears to be 
exceedingly like, in geological stmoture, to the opposite coasts of Spain, 
which, wertward of Taiifa, are composed of sandstone. In Barbary, 
these rocks seldom attain an elevation of above 30 or 40 feet along the 
coast, until it rises rather abruptly into the ragged and lofty limestone 
moimtains, opposite te Gibraltar, named Apes' HUl by the English, 
the Mom Abyla of sntiqaity — the geolc^cal characteiB of which seem 
identical with the limestone of Oibraltar, and the eastern Sierras of 
Andalusia. — ^T. S. T. 

13. Eruption of VeMotiut of 1843. — M. Roiet reported to the Geolo- 
gioal Socne^ of France, at one of its last meetings, some circamstances re- 
lative to an eruption of Vesuvius, which he witnessed in September 1843, 
and which he had leisure to examine in all its details. His report men- 
tions many facts of a certain degree of importance in explaining volcanic 
phenomena in general. 

About the middle of July 1843, the holes of the crater of Vesuvius 
were all stopped, small columns of smoke issued here and there by 
small fissmes, and there was a large pnnninenee nea:r the northern 
edge of the bottom, on which it was easy to walk, although the smoke 
issued b; numerous devices. On the 30th September, an immense 
quantity of fumaioles, much more considerable than those of the 
Sol&tora, aM)se on all the edges of the crater, the interior walls, and 
even as &i as the summit of Polo. These fiuuaroles issued by flesures 
and holes, some of which were covered with a pale yellow crust of mu- 
riate of iron, others sonoonded with a white effloreecence of nearly pure 
marine salt. The smoke was composed of steam, with a small quantity 
of hydrochloric scid, easily known by its pungent odour, but there was 
so lUtle of it, that the observer could remain in the midst of the smoke 
for upwards of five minutes, without being put to much inconvenience 
No trace either of sulphitr or of sulphureous odour was peroeptibie. The 
bottom of the crater was covered with fluid lava, whose block and ex- 
tremely irregular surface presented numerous fissures, in which the red 
matter, in a state of fusion, was perceptible. This surtace was smoking, 



D,g,t,.,.d.i.COOC^IC 



408 Seientifie IntelHgrnee — Mmerale^y. 

piinoipillj {t€aa the fiworH ; and the imoket mnoh thinnsr tkaa that 
from the w&Ua of the crater, appeared to be compoaed of nearlj pii>« 
•tettm. TovrardH the aortheni edge of the bottom, a black oone, piaroed 
with two mont^B, almost diunetrically opposite to eaoh other, rose to ft 
height of from 25 to 30 fardt aboTe the liquid lank From each of 
these monthe a thioV colutun of amoke aud jeta ttt melted matter oim- 
tinnallj issued ; the column of unoke was ti^versed b; an incuideecent 
man, projected into the aii, which soon fell baok again in a shower of Sre- 
At intervals of 30 seconds, a dull noise was heard in the interior of the 
cone, and immediatolj a sheet of melted matter arose with a loud de- 
tonation, from one or other of the months alternately ; it fell back ^lain 
in plates ronnd the Opening. At the wune instant, a jet of fragmenta 
of Tarious eices was projected into the air, and rose to a height of 30 
or 40 yards. Having descended to the bottom of the enter, the 
obserrer, seated at a distance of SO jards from the southern month, 
conid see pretty distinctly what was passing in its interior, to a depth 
of two yards. The detonations which sneceeded the internal noise 
were stifled, and about as load as those of a 13-povnder. At the 
moment when they took place, the opening of the mouth was very red, 
but it became black immediately after, reddened again at a new de- 
tonation, and so on sncoessiTely. The jet of matter accompanied the de- 
tonation. The smoke which iisned from the mouths was red to 3 or 4 
yards above the opening ; it then became grey. There was no appear- 
ance of flame, and nothing indicated the combnstion of a gas. During 
aH the time the obseTver remained in the crater, he did not feel the least 
shock or trembling of the earth. The matter in a state of fnsion did 
not ascend aboTe the mouths ; bnt at the southwest foot of the cone there 
was seen a swelling of 2 yards in height and 10 in diameter, covered 
with a brown cracked crust, nnder which the burning lava appeared, and 
&om which two small currents issued, advancing so slowly towards the 
west, that it wm impossible to perceive their movements with the eye. — 
JJJ-astilut, No. 547, p. 216. 



14. The eohvfing matter of Mint, Oamdian, rmd Amethytl. — It 
appears from the experiments of W. Heinti, as st«ted in Pogg^id4ffff*a 
Annalen, vol. 60, stiick. iv., p. SS7, that flint is coloured by oq;amc 
matter ; bnt tltis is not the case with caraelian a»d amethyst. The oar- 
nelian appears to be coloured by iron in the state of oxide ; amethyat 
by iron in the state of add — the ferric acid. 

15. Composition of the Oale-rhrome Oamei. the to tailed Utv/irmnta^ — 
According to Herr Erdmann, in Stockholm, this beautiful garnet is oom- 
poeed of tbe following ingredients, — sOica, 36.93 ; alumina, 5.68 ; ozide 
of iron, 1.96 ; oxide of chrome, 21.84 ; lime, 31.63 ; magnesia, 1.54 ; 
oxide of copper, a trace ; ^99.68. 

16. Beaumontile and lAncohtite identiettl mth ffetUandite. — The 
Beaumontite of M. Levy, as stated in Si!liman*B Journal for April 1844, 
appears to be merely a variety of Heulandite ; and in the same journal 
we are informed that the Lincolnite of Profesier Hitchcock il also a 
modiflcation of Heulandite. 
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17. Zeolitee. — Levyne, QmeUnite and PhaeoHte, appear to be varietisB of 
cliabasite, and not distinct Bpectes ; and the so-called Caporctanitt is now 
believed to be & variety of one of the well ascertained species of zeolite. 

18. Ptrielai«, « new mineral,— M. Seacchi, Professor of Mineralotfy at 
Naples, bas commonicated to the Annalet d(t Minei, through his friend, 
M. Damonr, a description of a mineral found in the ancient lavas of 
VesnviDi, of a Titreovs appearanoe, obscare green colonr, and confnsed 
CTTstalliKation, imbedded in a calcareous matri», like the gehlenite of 
Fassa. It cleaves readily in three directions parallel to the faces of a 
enbe, whence it derives its name, Periclase. It crystallizes in regular 
octahedrons ; is infuaible before tbe blow-pipe. The powder is entirelt 
soluble in acids. Hardness eqnal to felspar. Specific grsvity 3.75. It 
is composed of magnesia and a tittle oxide of iron. Its CO iiposition in 
100 parts, is 

Vint Analjili. Seoond Aiuljd*. 

Magnesia, 92.67 91.18 

Oxide of iron, .... 6.91 6.30 

Insoluble mattt«r .86 3.10 

100.34 99.58 

— Ann. da Min^, ith Series, VoL iii. p. 369. 

19. On Piaunte, a Mineral Bmn. By W. Haidinger, Esq. — The 
followiDg are tbe mineralogioal characters of this mineral ; — 

Colour, blackish-brown; streak, yellowish brown; massive; lustre, 
resinons ; fracture, imperfect conchoidal ; translucent on the thin edges ; 
mild; feeble lustre on cut planes: hardness, = l.S; specific gravity, 
1,220. 

Tbe Piaozite, although mild under the knife, ia, on account of its low 
degree of hardness, so feebly coherent, thst we can, as ie the case with 
other mineral reains, rub it easily between the fingers. It is traversed 
by numerous and generally parallel rents. 

Chemical Propertiee. — At 31S° cent, it infiames ; it bums at a some- 
what higher temperature, with a peculiar aromatic smell, with much flame 
and strong evolution of soot, to ashes. The melting point was deter- 
mined in a linseed oil bath. It is completely soluble in ether and 
caustic potash ; it is almost entirely soluble in anhydrous alcohol, but less 
soluble in alcohol couttuning water. Fuming nitiio acid converts the 
colaur of the dark-brown resin into yellowish-brown. Heated in a glass 
tnbe, there is distilled from it a yellowish, add reacting, oUy fluid. In its 
common state it contuns 3^ per cent of hygroaoopio water. The diy 
affords 9,96 proc. of ashes. 

Oeognostic Situation. — It occurs in veins from one to two inches wide, 
traversing brown coat, and bituminous wood, in a brown ooal deposit, in 
the neighlwurhood of Ptauze, nortb irom Newstadtl, in Camiola. 

Ute. — Its easy inflamnubility, and tbe abundance of soot it deposits 
during burning, oanse it to be used for giving tbe black colour to 
oaat-iren ware- — Poggendor^t Aanalen,, voL 62, p. 275. 



20- Early Hi^ory of Uuano. — Sometime ago Mr Teschemacher made 
in interesting communication to the Boston Society of Natural History, 
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on the origin of the Taloable manure called guano, ffom the se« islands 
off the oosst of Pera. We extract the following paessge from it : — 

With reference to the optaion entertained bj some, that th« gosno bad 
been sccumnlating from a period perhapa prior to the origin of the hu- 
nun race, Mr T. translated the foUoiring passage from the " Memorialea 
Riales" of " Oardllasso de la Vegft." Lisbon, 1609, p. 102. " On die 
•en-coMt, fmn below Aroqnipa as &r as Tai^nca, which is more tiiaii 
two bondred leagues of ooMt, thej use no other manure than that of 
marine birds, which exist on oil the ooaet of Pern, bath great and small, 
and go in floclu perfecfl; inoredible, if not seen. Thej are reared aa 
some uninhabited ielands which exist on tiiat coast, and the manure 
that thej leave is of inconceiyable araonnt. At a distance the hills of it 
resemble the mounds on some snowy plain. In the time of the Incas 
there was so much vigilance in guarding theee birds, that, during the 
rearing season, no peison was allowed to visit the idands imdra' the 
pain of death, in o^er that they might not be frightened and drireB 
from their nests. Neither was it allowed to kill them at saj time, either 
on or off the islands, under the same penalty." Each district or temtory 
also had a portion of these islands allotted to it, the penalties for in- 
fringement of which were rery severe. From this extrardinary care, it is 
probable that the Incasdidnot permit any remarkable congnmption of this 
valuable manure beyond tlie ^imniJ addition ; and the cansnmpti<m dar- 
ing the depopulation of South America by the Spaniards, could by no nteuis 
have eqnalled those annual deposits. Even the greatest thiclmess of 
seven to eight hundred feet might, without extravagant calculation, be 
deposited in aboat three thousand years, at the Tat« of two or three inches 
a-year. The feathers do not appear different from those of birds of the 
Resent day. Mi Blake, a member of our society, who has visited these 
deposits, has a shell found in the guano, v^y mneh resembling the Ortpi- 
dtila fitraioata of this coast, but not in any way fbesilized. On this coast 
it noTsr rains, so that the deposits of manure are not, like tbose on other 
coasts, annually washed away. — AiaerUan Journal of Science and Arti, 
Vol. ilvi. No. 1. p. 203. 

22. On t?ic Hyana. — The traveller, IgnaliuB Pallme, in his Travels 
in Kordofau, vindicates the hycena from the chaige of ferocity and 
cruelty, nsnally brought against it by writers of Natnial History, moat 
of whom assert that the animal is notameable. He says : — 

" hi the conrt of a house at Lobeid I saw a hyena running aboot 
quite domesticated. The children of the proprietor teased it, took the 
meat thrown to it for food out of its jaws, and put tbeir bands even into 
its throat, without receiving the least injury. When we took our meals 
in the open air, to enjoy the breeze, as was our general custom during 
the hot season, this animal approached the table without fear, snapped 
up the pieces that were thrown to it, like a dog, and did not evince the 
slightest symptom of timidity. A full-grown hyana and her two cubs 
were, on another occasion, brought to me for sale ; the latter were carried 
in arms, as you might cany a lamb, and were not even mnzzled. The 
old one, it is true, had a rope round its snout, bnt it had been led a 
distance of twelve miles by one single man without having offered the 
slightest resistance. The Africans do not even tetHam the hynna amtmg 
the wild beasts of their country, for they are not afraid of it." — Atit^ 
namm. No. 872, p. 641. 



D,Jitirr.d.i.COOC^IC 



Litt of PatenUfor Tnventioni granted for Scotland from 23d 
June to 2lst September 1844, inelutite. 

1. To W4LIBR Fhedkbick C^HivBLt of IsUj, Esqoire, ia th« county 
of Ai^le, Scotland, " an improved totator; engine to be driven bj iteun 
or other pow«*." — 35th June 18tt, 

2. To RoBBBT FocLEBTON of tlie Jamaica Coffee-House, Cornbill, in 
the cttj of London, maslar mariner, '' oertain imp^ved maehineij for 
moving Tenehi and otber floating appatatiu." — asth June 1844. 

3. To Thohab Hancock of Oogwell Meira, Goairell HoaA, in the 
eoim^ of Middleiez, waterproof-oloth maanfaetnrer, " an iraproTement 
or improTementa in the preparation or manufacture of caontcbonc in 
combinatioti with other gnbatances, which preparation or manufacture im 
soitable for rendering leather, cloth, and other fabrice waterproof, and to 
vaiiouB other purpoaea for which caoat«ihoDa i« emjdojed." — 35th Jane 
1844. 

4. To Enmnro Moa«wooi) of Thornbridge, in the oonnt^ of Derby, 
merchant, and Gioaas Roobbh of Steamdale, in the some conn^, gen- 
tleman, " improTements in coating iron with other metal*." — 3?th June 
1644. 

5. To Gbobqb Wilson of St Martin's Court, St Martin's Lone, in the 
ooun^ (tf Middleeez, Btationer, " impFOTement* in the cutting of paper 
for the mannfaotDie of envelopee, and for other pnrpoiee." — 37th June 
1844. 

6. To RoBBBT Dathoh of Brich Lane, in the county of Middlesex 
ciril engineer, and Wilulk STMiKoioir of East Smithfield, in the 
county of Middlesex, eiyU engineer, " a method or methods of drying, 
Beasoniog, purifying, and hardening wood, and oth^ articles, eitiier in a 
manu&otnred or unmasnfactured stale, parts of which are appUoable to 
the pepantion and deuication of animal, vegeteble, and mineral inb- 
stancea."— 1st July 1844. 

7. To William Brocebdok of Devonshire Street, Queen Sqoaie, in 
the count; of Middlesex, gentleman, " improvements in the manufacture 
of pills and medicated loiengea, and in preparing or treating black lead." 
_Sth July 1844. 

8. To Qbobok EoMmiD Donistbobpb of Bradford, in the coonty of 
York, top manuihoturer, " improvements in combing wool and other 
fibrooa substances." — 8th Jnly 1844, 

9. To JoBM M'Bbidb, manager of the Nursery Spinning and Weaving 
Mills, Hutobeeontow-n of Qlaiguw, in Scotland, " certain improvements in 
the machinery and aj^nmtus for weaving by liand, tteam, or other 
power."— 9th July 1844. 
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10. To HoHBi Poou of tbe Patent Offioe, Serle Street, in tbe eounty 
of Middlesex, gentlemait, being a communictitioti fnim abroad, " impraTo- 
ments in the muiufactnre of paper." —11th Julj 1844. 

11. To QEOKas MiLLEK Ci^BKB of Albany Street, Begenf b Park, in 
the oonutj of MiddlcMX, tallow ehaudler, " improvements in night ligbta, 
and in Apparatn* lued therewith." — 11th Jolj 1844. 

la. To William Ubhbt Phillips ot Blootiabnry Sqnaro, in the 
conntj of Middlesex, engineer, " oertain impiovementi in the means and 
appaistus for subdoing and eztingoishing fire, and saving life and ^o~ 
pertj, and in obtaining and applf ing motire power, and inprorementa in 
propelling."— IStb Julj 1844. 

13. To £dwakd Bdxtoh of Basii^hall Street, in tbe citj of London, 
meivbant, being a cMnmuniaation from abrtMd, " improTeraenti in bjmd- 
ning wool, cotton, and other fibrons subetancee." — 15th Jnlj 1844. 

14. To Qbokqe OwTHitB of Princes Street, CarendiEh Square, in the 
coon^ of Middlesex, gentleman, and Qeoboe Fbbodssoh Wilsos of Bti- 
mont, Vanxhall, in the county of Surrey, gentleman, " improTementa in 
treating certain fstt; or oUj matters, and in the manufacture of candles 
and soap."— 23d Julj 1844. 

15. To Datid Chebthak of Ro<did^, in the conn^ of Lancaster, 
cotttai-spinner, and and Joan Tatsam of the ssiDe place, macfaine-maktur, 
" oertain improvements in machinerj or apparatus to be employed in the 
preparation and spinning of cotton, wool, and other fibrons substajices.' 
—23d July 1844. 

16. To John Hollanu Butibbwokth of RocMale, in the eoontj of 
Lancaster, cotton-spinner, " certain improv^ements in machineiy or ap- 
paiatos applicable to preparation machines used in the spinning of cotton 
and other fibrons materials." — 23d Jnlj 1844. 

17. To JACatJBs BinAULT of Paris, in the kingdom of France, mer- 
chant, being a commtuiication fhun abroad, " improvements in applying 
beat for generating steam, and for other purposes, which impi«rements 
may be employed to obtain power." — 84th Jnly 1844. 

18. To Jakes Caldwell of HiU Place, Commercial Road, in Hie 
county of Middlesex, engineer, " improvements in cranes, windlasses, and 
eapstwis." — 24th July 1844. 

18. To James IIa8by of Btnningham, in the county of Warwick, 
gentleman, " certain improvements in the process of welding tubes, pipes, 
barrels, or hollow rods of maJleable iron, bj machinery." — 30th Jnly 
1844. 

20. To Joseph Hall of Blooinfield Iron- Works, in the parish of 
Tipton, in the county of Staffbrd, iron-master, " improvements in the 
manufacture of horse-shoe nails." — Ist August 1844- 

21. To Lawkencb Hill Junior, of Qiasgow, civil engineer, being a 
communication from abroad, " improvements in machinery for manufac- 
turing shiea for horses and other animals. — 1st August 1844, 
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SB. To Cbablsb Low of Habinson's Bow, Kingaland, in the oount^ 
of Middlesex, " certain impravemente in the making or mtmafactnriiig 
of iron or steel."— 3d August 18i4. 

23. To William Sdtchpf of Bradford, in the county of York, mann- 
factnrer, " improvements in preparing, dyeing, sizing, or dressing yams, 
and winding yards, and manufactured fabrics of wool, flax, ootton, sillc, 
and other fibrous matariala." — 6th Aognst 1844, 

24. To WiLHAM laiAc CooKsoN of the borough and county of New- 
castlS'Upcai'Tyiie. Esquire, " improvement in apparatus for burning sol- 
phur in the manufiKture of aulphuric add."— 8th August 1844. 

25. To Jambs Smith of Queen Square, Westminster, Eaqoire, " im- 
proToments in slubbtng, spinning, tnieting, and doubling cotton, and 
other fibrous substwu^a." — 8th August 1844. 

26. To WiixuH LosH of Newcastlft-Dpon-Tyne, Esquire, " improre- 
ments in the manufacture of metal chains, for mining and other ,pnrpoees." 
-r8th August 1844. 

27. To Hknrt Bewlet of No. 3 Lower SaekviilB Strest, inthecityof 
Dublin, apothecary and chemist, and Oaonan Owxn of the same plam, 
chemist, " improTemraits in the mode of confining corks, or subatitutM 
for corks, in bottles and othur rensels, whether made of glass, earthen, 
or stone ware, containing liquids charged or not t^arged with gas."— 9th 
August 1844. 

S8. To AHTBONr LonwEn of Clerkenwell Close, in the count; of 
Middlesex, bookbinder, " certain improvements in the apparatus and 
means of iactlitating drawing from nature or models." — 9th Angost 1 344. 

89. To PlEBiE AttMAND Le CoHTE DE FoNTAinBMOBSAO of No. 1 

Skinner's Place, Sise Lane, City, London, being a commuuioation from 
abroad, " improved crane, called dynamometric." — 10th August 1S44. 

30. To PlBRIlE AUIAND Lb CoKTE DS FoKTAIRBMORBAtr of the 

English and Foreign Patent Office for Inventitms, No. I Skinner's 
Place, Sise Lane, in the city of London, being a commnnicatiou from 
abroad, " a new mode of locomotion applicable to railroad and other 
waya."— 10th August 1844. 

31. To ALBxAnnEB Ewina of the town of Dnmbarton, Scotland 
glass splitter, " certain improvements in the manufacture of crown glass."' 
-~14th August 1844. 

32. To Aktbor Wall of Bisteme Place, Poplar, in the oomity of 
Middlesex, snigeon, " certain improvements in the manu&ctnre of steel, 
copper, and other metals." — 16th August 1844. 

33. To SiBFRBH HoTouisoH of the London Qas Works, Vauzhall, in 
the county of Surrey, engineer, " owtain improvements in gas meters." 
-~16th August 1844. 

34. To JosBrn Martin Kronbbim of Castle Street, Holbom, in the 
ciLy of London, engraver, being a communication from abroad, "im- 
provements in stereotyping. "^3d September 1844. 



,t,.,.d.i.Cooc^lc 



414 Lul of Patents. 

35. To RoBKKT Febuueoh and John Clebe, both of the citj of QUa- 
gDW, in the conntj of Lanark, " an improvement in printing and calen- 
dering." — 1th September 1844. 

36. To Jambs Pii,lanb Wilcon of Belmont, VmizIibII, in the coun^ 
of Surrey, gentleman, " improTements in treating fkttj and oily matterB, 
and in tlie manulaotvre of candles." — 4th September 1844. 

37. To Fkancoih SrAinsLAB DE SoBBEx of Betlmal Green, in the 
GOnnty of Middlesex, chenmt, and Alexander Robertson Arkott of 
Torrington Square, in tlie same conntj, chemist, " improvements in the 
reoovery of manganese, used in. making bleaching powder." — 4th Sep- 
tonber 1844. 

38. To James Shith, late of Deansbm, now of Qnesi's Sqnsie, Lon~ 
don, oiril engineer, and William Oaibdhek Joi.lt, residing at Endriok 
Bank, parish of DrTmen, and ooontjr of Stirling, Scotland, " certtun im- 
piovementa in the form of tiles for draining, in implements lor mana- 
&ctnring thereof, and in the modes of manufacture." — 4th September 
1S44. 

S9. To John Lionel Hood of Old Broad Street, in the city of Lon- 
don, gentleman, being a commimioatian from abroad, '' an improved 
oompoaition, or mixture of metals, applicable to the manufacture of sheath- 
ing for ships and other vessels, bolts, nails, or other fastenings." — 9th 
September 1844. 

40. To Petbb Wabd of Oldbnry, in the oounties of Salop and Wor- 
ceater, late of West BTomwicb, in tJie coonty of Stafford, practical che- 
mist, " an improTomeut in combining matters for washing and cleansing." 
—12th September 1844. 

41. To Edwin Shbppabd of Manchester, in the county of Lancaster, 
builder, " certain improvements in machinery, or apparatus for planing, 
sawing, and cntting wood, and other substances." — 13th September 1844. 

42. To John Bbakb of St John's Wood, in the county of Middlesex, 
civil engineer, " certain improvements in engines or machines for nuring 
or conveying water and other fluids." — 18th September 1844. 

49. To Jambs Pethie of Bochdale, in the oountj of Lancaster, en- 
gineer, " certain improvements in steam-engines." — 19tl) Septemb^ 
1844. 

44. To Wiluak Newtom of the office for Patents, 66 Chanoery 
Lane, in the county of Middlesex, civil engineer, being a oommunication 
from aln«ad, " certain improvem^its in treating and preparing oil ta 
fat^ matters."— 20tli September 1844. 



NEW PUBLICATIONS. 
The Nsw FnblicatioDi received vrill be noticed li 
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Abyssinia, geology of, 401. 

Agasaiz, Professor, on the classification of fishes, 132-^Oa the classi- 
fication, anatomy, and importance of fossil fishes in geology, 
331, 

Animal heat, oheervations on, by Dr John Davy, 361. 

Artesian wells, obserrations on, by Professor Bnckland, 318. 

Biluchi, the tribes inhabiting Sindh in the lower valley of the In- 
dus and Cutchi, described by Captain Poatana, S95. 

Biachof, Gustav, Professor, on the terrestrial arrangements con- 
nected with the appearance of man on the earth, 44. 

Blackie, William, opiidan, memoir of, by Dr Coldstream, 94. 

BlackneU, £. B., on the volume of the Nit^ara Biver, 21. 

Bode, Baron de, on the Yamud and Goklan tribes of Tnrko- 
mania, 199. 

Bones, recent and foasil, analysed by J. Middleton, F.G.S., 285 
— Becent and fossil bones proved to contain Fluorine, 288. 

Buckland, Professor, on Artesian wells, 318. 

Gale-chrome Garnet or Uwarowite, 408. 

Carbonaceous deposit or film on the Lakes of Westmoreland, de- 

cribed by Dr John Davy, 27. 
Caspian sea, depression of, 403. 

Davy, John, F.B.8.L. and E., on a carbonaceous deposit or film, 
on the Lakes of Westmoreluid, 27 — Observations en gnano 
of Torkshire and Pentland skerries, 313. 

, animal heat, observations on, 351, 

IKamonds, bed of, discovered in Mexico, 404. 

Diluvium and alluvium, queries regarding, 406. 

D'Orbigny, Alcide, his general considerations on the geology of 
South America, concluded from Vol. xxxvi., p. Ill, 

Electrical experiments, by Mr R. Adie, account of, 296. 

VOL. XXXTII. NO. LXIIV. OCTOBBK 1844. 2 D 



D,g,t,.,.d.i. Google 



416 Index. 

FisbM, on th^ claBsification, &c, 132 and 331. 

Forbes, Junes, Frofeseor, his Sixth Letter on gUders, 231 

Seventh Letter on gUdera, 244 — hia Eighth Letter on gUciera, 

375. 
Fonmet, Frofessor, hia researches on the sitoalion trf zones without 

r^jis, aiid of deserts, 361. 

Gardner, D. P., M.D., oa the action of yellow lif^t in prodadng 
the green colour, and indigo light the moTements of plants, 76- 

Geolog; of South America, sketch of, bj Aldde D'Orbign^, 111. 

G-laders, observations on, in Professor J. Forbes' I<etters, at pages 
231, 244, and 375: 

Criobe, on the conetitution and stntcture of its interior, 30. 

Gr^ory, D. F., M.A., memoir oi; 223. 

Guano, analysis of.by Dr Si. Davy, 313v 

, its early history in Pern, 409. 

Hitchcock, Edward, LL.D., <A Amherst Collie, analysis of wioes 

&om Palestine, Syria, and. Asia Minor, 170. 
Hopkins, W., F.B.S., his researches in pbyncal geolo^, reviewed 

by Charles Maclaren,, F.R.S.E., 29i 
Hyieua, observations on, by M. Ignatius Fallme, 410. 

Kordofan, climate of, by M- Ignatius Fallme, 402. 

Keilhau, B. M., Professor of Geoli^y in Christiania, on tiiemode of 
formation of crystalline limestone, contact products, crystal- 
line silicide slates, and iHiatratified crystalline slates; with 
preliminary observations on the present state of geolc^, and 
on the metiiods of inveBtigation pursued in tliat science, 143. 

King, William, Esq., Curator of the MuBeuni.of N'atoral Hbtory of 
Newc*atle-on-Tyne, on Sigillaria, 62. 

Levelling ioBtruments, described by Messrs David and Thoouu 
Stevenson, 99. 

Lichens, on the food of, 188, 

Light, yellow, its action in producing the green colour of plants, 
and of indigo light on the movements of plants, by Dr Gard- 
ner, 76. 

Low, David, Professor of Agriculture in the University of Edin- 
burgh, remarks on his Inquiry into the Nature of the Simple 
Bodies of Chemistry, 107. 
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MacGilUTTtiy, Pl^feseor, on the nnwnmalia of Aberdeeiutiire, 383. 
Haclarea, C^iarlea, Esq., F.B.S.E., hia outliueB of Mr W. Hopkia's 

Tesearches in physical %ao\ogj, 1st, 2d, and 3d aeries, 29. 
Mica-slat«, obserrationa on, by M. Guatav Rose, 311. 
Mineiala, new, dwcribed, 408. 
Mongols, observatiouB on, hy Ba;le St John, Eaq., 255. 

Niagara, river, obaervatjoiu on its jnagnitnde, 21. 

Hilotic or Egyptian population, the origin of, by Dr Morton, 305. 

Organic remains, fossil, of extinct ftnimulB found only in alluvial 
deposits, 422. 

Parietin, a yellow colouring matter, described and analysad by Dr 

E. D. Thomson, 193. 
Patents from March to September, inclusive, 219, 411. 
Piauzite, a new mineral, 409. 
Fericlaae, a new mineral, 409. 

Peruviana (ancient) observations on, by Dr J. J, de Tschudl, 249, 
Phosphoric acid found in so called igneous rocks, 294. 
Fhyaeter, whale, fossil remuns o^ 404. 
Fostans, Captain, on the Biluchi Tribes, 395. 

Rogers, Messrs, on the Transition Rocks of North America, 392. 
Bowell, G. A., on the cause of the electricity of steam, 347. 

Sang, John, deacription of an improved apparatus for levelling 

smaU Theodolites, 182. 
Si^Uaria, obseryations on, by Mr William King, 62. 
Sea, call of, described by Mr Richard Edmouda, 403. 
Solly, Bicbard, Esq., observations on the motions of earthquakes 

transmitted under the Andes, 183. 
Sooty deposit on the surface of lakes, 27 — On the surface of the 

sea, off the coast of Devon, 381. 
Stevenson, David, Esq., Civil Engineer, description of pcartable 

levelling instruments, 99. 
Thomas, Esq., Civil Engineer, some account ef levelling 

instruments, with description of one of an improved form, 

101. 

Tangier, the rocks of, described, 406. 

Tsuhudi, Dr De, on the ancient Peruvians, 249. 
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Terrestrial arrangemeats coaoected with the appearance of mm on 
the earth, account o^ b; Professor CtiutaT BUchof, 44. 

Thomson, Robert, D., M.D., on Parietin, a yellow coloming mat- 
ter, and on the inoi^anio food of Ucbeu, 187- 

Transition (Falteozoic), rocks of North America, obsemtionp on, 
by the Messrs Rogers, 392. 

Trevelyan, W. C, Esq., on the employment of the flesli of amsll 
whales for feeding cattle in the Faroe Islands, 110. 

Tnrkomania, the Yamud and Goldan tribes of, described by Baron 
Clement Augtistue de Bode, 199. 

VesuviuB, emption of in 1843, 407- 

Warden, A., M.D., description of a reflecting prism, employed 
for illuminating the open cavities of the body, with a view to 
facilitate the examination of disease, &c. 273. 

Whales, the flesh of, employed for feeding cattle in the Faroa 
Islands, 110. 

Warren, G. B., Esq., on a Booty deposit on the surface of the sea, 
off the coast of Devon, 381. 

Wilson, George, M.D., lecturer on chemietry, Edinburgh, on iso- 
metric transmutation, and the views lately published, concern- 
ing the compound nature of carbon, silicon, and nitrogen, 1. 

Wines of Palestine, Syria, and Asia Minor, analysed by Professor 
£. Hitchcock, 176. 

Zones without r^n, described by Froferaor Fonmet, 361. 



ERRATA IH VOLUME XXXYI. 
Page 312. The letter P. In Fife. 1 ii entirely miiplaesd : It iboold be at the in- 
tersection of the lines IL &nd NE. 
Page 316. UUM 33 and 3S, ;br DNQT read QNO Y. 

BIIBATA IN PRESENT VOLUME. 
Pege 13S, bottom ofpags./n' pttnleontolt^icBl read paleontologiol 
„ IBS; linancond./brintoiiotingnaij antntoxicatdng 
" 226, line 7 fVom bottom, dtU " If, u it hai been inggeited," and line 6 
tkU " then" 
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